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Executive Summary 
The uptake and management of ballast water aboard ships is critical to safe cargo 
operations. Ballast water is taken up in one port to help stabilize a light or empty vessel, and is 
transported to another port and discharged as the vessel is loaded with cargo. Discharged ballast 
water includes aquatic nonindigenous organisms that can become established in the receiving 
water. Establishment of nonindigenous species often has detrimental impacts on native species 
and natural resources and can have severe economic consequences.  
The commercial shipping industry is an important component of the Oregon economy. A 
sustainable economy requires effective and efficient management of pathways of invasive 
species introduction that are associated with shipping.  To protect Oregon water resources from 
the risk of ballast water-related introductions the legislature enacted SB 895 during the 2001 
session. The bill regulated ballast water discharge into Oregon waters.  HB 3620 was enacted 
during the 2003 session and made minor changes to the ballast water management program.  It 
also established a Task Force on Ballast Water Management to review the issues and make 
recommendations to the Legislature prior to the 2005 session.  
This report to the Legislature provides information and analysis of the current state, 
regional, federal, and international ballast water regulations; shipping industry’s compliance with 
Oregon law; and ballast water treatment technology.  Recommendations are made for 
improvement of the Oregon ballast water program based on this review and analysis.  
The Washington Department of Fish and Wildlife (WDFW) provided the data to assess 
compliance with Oregon law. Compliance was very low in 2003/2004; 60 percent of ships 
calling on Oregon ports either failed to report (29 percent), submitted incomplete reports (30 
percent), or submitted late reports (one percent).  Compliance was much lower than in 2002 
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(98.5 percent), but is consistent with a correlation between staffing levels and compliance 
reported previously in Oregon and in Washington.  A decline in staffing leads to a decline in 
compliance (Vinograd and Sytsma, 2002). During the past two years the Oregon ballast water 
program has not been effectively staffed. 
Substantial changes have occurred in international, federal, and neighboring state ballast 
water management programs during the past two years.  The U.S. Coast Guard has implemented 
new rules, amendment of the California ballast water law has been proposed, and The 
International Convention for the Control and Management of Ships Ballast Water and Sediments 
was adopted by consensus by the International Maritime Organization (IMO). The IMO 
convention has yet to be approved by Congress or ratified. The ballast water regulatory changes 
that have occurred necessitate changes in Oregon regulations to ensure compatibility with new 
federal regulations, proposed regulations in California, and existing Washington regulations.   
Although recognized as inefficient and having some safety constraints, ballast water 
exchange is still the primary treatment method for ballast water prior to discharge. Alternatives 
to exchange, e.g., deoxygenation, UV light, and ozone, are under investigation but not yet proven 
practical for ship-scale applications. The U.S. Coast Guard is investigating discharge standards, 
however, a federal discharge standard has not been established. A discharge standard was 
included in the IMO Convention. Neighboring states and the federal government have incentive 
programs for ballast water treatment testing, but only two systems in Washington have been 
approved.  Oregon law only allows the discharge of ballast water treated in a manner approved 
of by the U.S. Coast Guard, which creates potential problems for vessels with Washington-
approved treatment technology that visit both Washington and Oregon ports on the Columbia 
River.   
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Based on these findings and others, the Oregon Ballast Water Task Force makes the 
following recommendations: 
Shipping Compliance 
• While new U.S. Coast Guard regulations and a grant-funded, ballast water 
management database project at Portland State University may increase compliance 
with reporting, enforcement of Oregon law requires state support. A 0.5 FTE position 
at DEQ for enforcement and coordination with neighboring states is needed to protect 
Oregon water resources. 
• Definitions of coastal and open-sea exchange in Oregon law should be amended to 
include the U. S. Coast Guard definitions of exchange using flow-through or empty-
refill. Such an amendment would prohibit discharge of partially exchanged ballast 
water. 
• Oregon should monitor and participate in federal discharge standard development to 
ensure that they are protective of Oregon water resources. 
• Outreach to the maritime industry in Oregon should be initiated to increase 
compliance. 
 
Efficacy of Ballast Water Exchange 
• Oregon should optimize use of exchange for management of aquatic introduced 
species in coastal shipping, and facilitate a regionally consistent approach, by 
amending the coastal exchange definition to require exchange at greater than 50 NM 
off shore and greater than 200 m depth.  
 
Compatibility with Federal Laws and Regional Programs 
• Oregon law should be amended to: 
o delete the 2000 m depth requirement for open sea exchange to maintain 
compatibility with USCG requirements; 
o replace the current latitude definition with a 50 NM distance and 200 m depth 
criteria for coastal exchange;  
o include a requirement that ships maintain a ballast water management log and 
plan; and,   
o modify reporting requirements to match the U.S. Coast Guard requirements 
for reporting on voyages less than 24 hours long and include a definition of 
“port or place”.  
 
Research Requirements for Management of ANS Introductions  
• The State should invest in ballast water management technology and development by 
creating a center of expertise on engineering, economics, ecology, and biology of 
ANS management in ballast water and shipping. Such an investment would place 
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Oregon at the forefront of a developing, “green” industry servicing ANS prevention 
in the shipping industry. 
• Additional resources are required for DEQ to enhance and improve integration of 
ballast water management with other efforts managing invasive species in Oregon. 
 
Other Considerations 
• Articulated tug and barge (ATB) and integrated tug and barge (ITB) are required to 
report ballast water management operations to the U.S. Coast Guard and may be 
considered self-propelled vessels under Oregon law. Outreach and consultation with 
ocean-going and river barge operators is required to clarify ballast water management 
operations and reporting requirements.  
• Although reporting compliance may increase with new U.S. Coast Guard regulations 
and with a new regional ballast water database project at PSU, lack of funding for 
enforcement of the Oregon ballast water program limits its efficacy. General funds, 
grant funds, or a per ship fee of $50 are required to fund enforcement of ballast water 
management laws in Oregon.  
• The Ballast Water Task Force should be extended through 2006 and be charged with 
updating the 2007 Legislature on policy and science relating to ANS and shipping. 
• The preponderance of shipping traffic on the Columbia is from ports on the west 
coast, and consistency in ballast water management among states is required for 
efficient shipping and effective protection against aquatic bioinvasions. Oregon 
should continue to search for ways to integrate the State program with neighboring 
state and federal ballast water management programs. 
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Purpose 
This report was prepared for the Oregon legislature pursuant to HB 3620, which was 
passed during the 2003 session of the Oregon legislature to address management of ballast water 
discharged from ships. HB 3620 amended and created new provisions in ORS 783.625, 783.630, 
783.635, and 783.640. The bill removed sediment from the definition of ballast water, allowed 
discharge of treated ballast water, created a task force on ballast water management, and required 
this report. 
In HB 3620, the legislature charged the task force to study and make recommendations 
on changes to ORS 783.630 to 783.640, including but not limited to the following 
considerations: 
• Shipping industry compliance with ORS 783.630 to 783.640; 
• Practical and cost-effective ballast water treatment technologies; 
• Appropriate standards for discharge of treated ballast water into Oregon waters; 
• The degree to which open sea and coastal ballast water exchange reduces risk of 
introduction of nonindigenous species into Oregon waters; 
• The compatibility of 783.630 to 783.640 to federal laws and regulations and to ballast 
water management programs established by the states of Alaska, California, 
Washington, and the Province of British Columbia; 
• Research requirements for better management of nonindigenous species introduction 
via ballast water; and  
• The degree to which ballast water management is consistent with and made part of 
efforts to eradicate invasive species throughout Oregon. 
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Invasive Species and Their Impacts 
Invasive, nonindigenous species (INS) (aquatic and terrestrial) impact our life and all 
regions and habitats of the United States and every nation in the world (National Invasive 
Species Council, 2001). Estimated economic damage associated with INS, including control 
measures, are approximately $138 billion a year (Pimentel et al., 2000). In the Great Lakes, $3 
billion has been spent in the past 10 years to mitigate damage caused by zebra mussels 
(Dreissenia polymorpha) alone (H.R. 5396), and impacts on industries, business and 
communities amounting to over $5 billion (New York Sea Grant, 1994). The rate of new 
introductions is increasing (Figure 1) (see also Cohen and Carlton 1998, Carlton, 2001, Ruiz and 
Carlton, 2003), which suggests that economic impacts are increasing as well. 
  
Figure 1. Accumulation of ANS in the lower Columbia River over time. Blue squares represent invertebrates; 
green circles represent fish, (Sytsma, unpublished data). 
The establishment of INS in the Pacific Northwest threatens valuable natural resources. 
Coastal estuaries in the Pacific Northwest provide critical habitat for shellfish production and 
commercial fisheries, both of which are major contributors to the coastal economy: 
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abundant in the lower Columbia and Snake Rivers. The Siberian prawn (Exopalaemon modestus) 
occurs in high densities and introduced copepods (Psuedodiaptomus spp) can dominate the 
river’s zooplankton community (Sytsma, unpublished data).   
Shipping related pathways of introduction, especially ballast water, account for the 
majority of ANS in the lower Columbia River (Figure 2), although other pathways are also 
important. The Zebra mussels, Dreissenia polymorpha was a ballast water introduction into the 
Great Lakes, but will most likely be introduced to Oregon on recreational boats trailered to 
Oregon from infested waters in the Midwest. Green crabs (Carcinus maenus) were probably 
introduced to California waters via contaminated bait or seafood from the East Coast, and have 
subsequently spread to Oregon estuaries on ocean currents.  Similarly, smooth cordgrass 
(Spartina alterniflora) was introduced into Willapa Bay, Washington with oysters from the East 
Coast and is carried to Oregon shores by ocean currents.  
Aquarium
Ornamental Pond
Release by an Individual
Accidental
Oyster Association
Escape
Fishery Enhancement
Solid Ballast
Ballast Water
Ship Fouling
Gradual Spread
Biological Control
Unknown
0 5 10 15 20 25  
Number of Species 
Figure 2. Pathways of introduction of invertebrates into the lower Columbia River (Sytsma, unpublished 
data). 
Invasions by introduced species can occur rapidly and can quickly alter native plant and 
animal communities. The Asian clam (Potamocorbula amurensis), for example, was introduced 
into San Francisco Bay in ballast water.  First detected in the bay in 1986, it only took only a few 
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years for the benthic ecosystem of San Francisco to be converted into a monoculture of P. 
amurensis. The invasion resulted in displacement of native benthic organisms and alteration of 
the bay’s pelagic ecosystem by these filter-feeding clams, to the extent that the clam is suspected 
of being responsible for the collapse of some of the area fisheries (Carlton et al., 1990). 
Shipping-related Pathways of ANS Introduction 
With 80 percent the world’s goods delivered by ships, it is easy to see why shipping has 
been identified as the predominant vector of ANS introductions in marine and estuarine 
ecosystems (USCG, 2003; Fofonoff et al., 2003).  Shipping-related transport of ANS, which 
includes hull fouling, ballast (both solid and water), anchor chains, and sea chests, has been an 
important vector since the 1800s, when large sailing vessels began regularly plying the seas 
(National Research Council, 1996).  More than 3,000 species of plants and animals are 
transported daily in ballast water (National Research Council, 1996).  It is estimated that 21 
billion gallons of ballast water containing thousands of ANS are discharged into U.S. waters 
each year (Moore et al., 1998).  Large vessels are able to transport over five million gallons of 
ballast water per voyage. In a pioneering study done in Coos Bay, one vessel from Japan had 317 
species in its ballast water (Carlton and Geller, 1993).   
Ballast operations are an integral part of a vessel’s operations, especially for cargo 
vessels. Ballasting helps maintain stability of the vessel under various loading conditions.  
Ballast is any solid or liquid placed in a ship to increase the draft, to change the trim, to regulate 
the stability, or to maintain stress loads within acceptable limits (National Research Council, 
1996).  Improper ballasting results in loss of trim (balance) and stability that could cause 
capsizing and makes steerage difficult if not impossible, and can result in hull stress that can lead 
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to cracking (USCG, 2004). Vessels typically take on ballast water at their last port of call and 
discharge it, along with the biota it contains when they arrive at a new port.  For a review of 
ballasting please see Report on the Oregon Ballast Water Management Program in 2002 
(Vinograd and Sytsma, 2002).   
Ballast water exchange (BWE), the process of exchanging port water with ocean water, is 
presently the most broadly applicable method for reducing the risk of ANS introductions (USCG, 
2003; International Association for Great Lakes Research, 2002).  It is typically conducted using 
a flow-through or empty-refill technique. Flow-through involves flushing a ballast water tank 
containing coastal or port water with ocean water from the bottom up.  Although efficiency 
varies, pumping three times the tank volume through the tank is the operational standard. Empty-
refill, as the name implies, involves evacuating the ballast water taken onboard in port from the 
tank until suction is lost and refilling the tank with ocean water. The efficacy of ballast water 
exchange in reducing the risk of ANS introduction, however, is limited by a number of physical 
and biological factors associated with tolerance of organisms, constraints inherent in ship 
construction and operation, and ecological concerns including:  
• some ships are not structurally designed to safely allow ballast water exchange at sea;  
• exchange is sometimes impossible in rough weather due to safety concerns;  
• some organisms can survive under a very wide range of salinity conditions;  
• some ports have salinities very similar to mid-ocean salinities, which limits effectiveness;  
• despite flushing of the ballast tanks with open ocean water, "pockets" of unexchanged 
water (and associated organisms) may remain in the ballast tanks;  
• ballast water tanks often contain a layer of sediment, in which organisms can escape 
being flushed out in a ballast water exchange, to re-inoculate the exchanged ballast water;  
• use of exchange in coastal voyages may result in spread of organisms along the coast and 
increase risk of introduction to estuaries that lack port facilities; and  
• verification of exchange can be difficult, which complicates enforcement of exchange 
requirements (Vinograd and Sytsma, 2002).  
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Because of these limitations, alternatives to ballast water exchange are being 
investigated. Alternatives include mechanical (filtration, cavitation), physical (UV light, heat, 
oxygen deprivation), and chemical (oxidizers, toxics) ballast water treatment, or combinations of 
these treatments (see Research section). 
Oregon Shipping and its Economic Impact 
Shipping, especially exporting, is critical to the Oregon economy.  Exports from Oregon 
to Asian-Pacific markets alone amounted to $5.1 billion in 2001 (Oregon Blue Book, Date 
accessed August 26, 2004). Major exports include wheat and cereal, vehicles, soda ash and pot 
ash, (Oregon Economic and Community Development Department, Date accessed August 26, 
2004; Port of Portland [POP], Date accessed 8/26/04). The Portland metro region is the leader in 
export sales for the state, and ranks 11th of 253 in sales for U.S. metropolitan regions (U.S. 
Department of Commerce, 2001). In 2000, the shipping industry produced a total earnings and 
consumption impact in Oregon of about $1.7 billion (POP, 2004).  
The Port of Portland is an important part the shipping industry and has a significant 
economic impact in the state. It is the largest Columbia River port; it received 90 percent of the 
vessel calls in Oregon from January 2003 through July 2004. It is also the third largest export 
port on the west coast in total tonnage, exported container cargo is three times the imported 
container cargo (Wyatt, 2004); the largest wheat export port in the United States, exporting 40 
percent of U.S. wheat (3 million short tons in 2003); and imports the largest volume of autos on 
the west coast (366,383 units in 2003) (POP, Date accessed August 24, 2004). Firms providing 
goods and services to support POP business activities received $4.5 billion in business. Portland-
area residents received $640 million dollars of POP-related direct earnings in 2000 (POP, 2004).   
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The shipping on the Columbia changes in response to the changing global economy. The 
majority of the vessels stopping at Oregon and Columbia River ports are bulkers and container 
ships (Figure 3).  Although recovery of container shipping is likely (S. Degens, POP, 9/23/04), 
the recent decline in the number of container lines calling on Columbia River ports suggest that 
bulkers and possibly barges will account for a larger proportion of ship calls in the immediate 
future. Because vessel types differ in their ballast management procedures, change in the 
proportion of vessel types visiting the Columbia River alters the volume and “quality” of ballast 
water discharged.  Nevertheless, export of bulk cargo will undoubtedly dominate shipping on the 
Columbia in the future. Bulkers typically enter the Columbia empty, with ballast onboard, and 
can carry up to 5 million gallons of ballast water per ship (Carlton et al., 1995). A sustainable 
Oregon economy requires consideration and management of potential consequences and impacts 
associated with changing economic activity. Management of ANS introduced with ballast water 
is one such consequence. 
Bulk 41%
Freight/General 
5%
Double Hull 3%
Containership 
30%
Cableship 1%
Log/Bulk/Wood 
9%
Other 3%
CarCarrier/ 
RoRo 8%
 
Figure 3. Vessel types stopping at Oregon and Columbia River Ports (01/01/03 to 06/30/04).  (Data source: 
WDFW ballast water database.) 
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Oregon has appropriated no resources for tracking ballast water management by ships 
calling on Oregon ports. The only data available for evaluating the impact of ballast water on 
Oregon are from the Washington ballast water database and the National Ballast Information 
Clearinghouse (NBIC). NBIC data are not available for 2004.  Following, is a summary of 
shipping and ballast water management in Oregon, based primarily on the Washington 
Department of Fish and Wildlife (WDFW) ballast water data, with a comparison between NBIC 
and WDFW 2003 data. 
According to ballast water reports submitted to and received by the WDFW, 2221 ships 
called on Columbia River (Oregon and Washington) and other Oregon ports; 1297 ships visited 
Oregon ports in the past year (July 2003-July 2004). The proportion of transoceanic and coastal 
shipping on the Columbia in 2003-2004 was similar to that in 2002 when 55 percent of the 
vessels came from outside the EEZ (Vinograd and Sytsma, 2002). For 2003-2004, 59 percent of 
the vessels traveled coastally, while 41 percent of the ships were transoceanic vessels, (arriving 
from outside the U.S. exclusive economic zone [EEZ] (Figure 4)).  The majority of transoceanic 
vessels (94 percent) were from Asian ports (Figure 5).  Most of the “Asian” vessels originated 
from Japan (56 percent) followed by South Korea, China and Taiwan.  Vessels traveling 
coastally primarily enter Oregon waters from British Columbia (43 percent); Washington (28 
percent) and California (25 percent) (Figure 6). 
The data suggest that barges are not consistently reporting ballast operations. WDFW 
data indicated that 565 barges submitted ballast water reports and called on the Port of Portland 
during the 2003-2004 period (one called on the Port of Longview). These numbers differ from 
Port of Portland information, and barges appear to be under-reported. Ocean-going and river 
barges operate on the Columbia. Most operate predominantly on the Columbia/Snake/Willamette 
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Rivers, however, there is regular barge traffic between Puget Sound and the Columbia River. 
There is biweekly barge service from Longview to Hawaii and aggregate and timber transport to 
and from multiple locations on the west coast (S. Degens, POP, pers. com. 09/23/04). The 
operations and risk of ANS introduction posed by barging on the Columbia River requires 
additional research and discussion. 
WA 16%
Hawaii 1%
CA 15%
Central America 
1%
Mexico 1%
Oregon 1%
Other 1%
Classified 1%
Asian Ports 37%
South America 1%
BC 25%
Alaska <1%
 
Figure 4. Last port of call for vessels entering Oregon ports (07/01/03 to 06/31/04). (Classified vessels are 
military vessels. Data source: WDFW ballast water database.) 
 
Classified 1%
Other 1%
South America 
1%
Hawaii 3%
Asian Ports 94%
 
Figure 5. Distribution of last port of call for transoceanic voyages to Oregon ports (07/03 to 07/04). (Classified 
are vessels are military vessels. Data source: WDFW ballast water database.) 
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BC 43%
WA 28%
CA 25%
Oregon 1%
Central America 
2%
Mexico 1%
 
Figure 6. Distribution of last port of call for vessels traveling coastally (07/01/03 to 06/30/04).  (Data source: 
WDFW ballast water database.) 
Oregon Ballast Water Regulation Compliance 
As noted above, no funds were available for monitoring ballast water reporting and 
management in Oregon in 2004, but the WDFW monitored ballast water reporting for Columbia 
River ports (including Oregon ports) and other Oregon ports. Federal law also required reporting 
of ballast water management (for ships from outside the EEZ) to the National Ballast 
Information Clearinghouse (NBIC). The WDFW data provides the only information on 
compliance and ballast water discharge into Oregon waters from coastal shipping.  
The WDFW enters information on ballast water management reported by vessels on a 
ballast water reporting form, which is provided by the Merchants Exchange in Portland. The 
Merchants Exchange also distributes the forms to the NBIC, the Oregon Department of 
Environmental Quality (DEQ), and to Portland State University (PSU). The WDFW monitors the 
Lightship Report of vessel arrivals and matches it with ballast water reports. When a vessel 
arrives and no ballast water management report is available, WDFW contacts the Merchants 
Exchange and/or the agent. WDFW evaluates locations of reported ballast water exchange for 
compliance with Washington law, but not for Oregon law (P. Meacham, pers. com., 08/25/04). 
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Since requirements for coastal exchange differ between states, and because the Columbia River 
receives a high percentage of coastal traffic, our ability to evaluate compliance of ballast water 
management activities with Oregon law is limited. 
Compliance with reporting requirements of Oregon law was much lower than in 2002, 
when compliance was 98.5 percent (Vinograd and Sytsma, 2002).  According to WDFW data, 60 
percent of ships calling on Oregon ports in 2003–2004 were in noncompliance, when they either 
failed to report (29 percent); submitted incomplete reports (30 percent), or submitted late reports 
(one percent) (Figure 7). As was noted by Vinograd and Sytsma (2002), compliance is highly 
correlated with staffing level. In 2002, a PSU graduate student was available to follow up on 
missing and incomplete reports. 
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Figure 7. Reporting compliance for vessels entering Oregon ports between 07/01/03 to 06/30/04.  (Data source: 
WDFW ballast water database.) 
The National Invasive Species Act (1996) (NISA) directed the U.S. Coast Guard to work 
with the Smithsonian Environmental Research Center (SERC) to develop a national ballast water 
database –NBIC.  The NBIC is located at the SERC, and is part of a larger program that 
addresses aquatic bioinvasion patterns and processes. The development of the database was a key 
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element in NISA – it was required to track the effectiveness of the voluntary (now mandatory) 
ballast water management guidelines.  The primary goals of the NBIC are to track the volume, 
origin, and treatment of ballast water that is discharged into U.S. waters (NBIC, Date accessed 
08/28/04).  
The WDFW ballast water database contains 35 percent more ballast water reports than 
the NBIC database for 2003 for transoceanic vessels (Table 1). All vessel types excluding the 
“Other” category are higher for WDFW data than NBIC.  In some cases, entire vessel types were 
missing from NBIC, such as Log/bulk vessels, 37 reported to WDFW, while the NBIC database 
shows no Log/bulk vessels.  Similarly, 25 woodchip vessels submitted reports to WDFW but 
none were submitted to NBIC (Table 1).  The reason for the discrepancy is unknown, however, a 
new, ballast water reporting project between the NBIC and PSU should assist in clarifying the 
situation. 
New rules and reporting capabilities should enhance reporting. Recently, the USCG 
established mandatory penalties for non-submittal of ballast water reports and encouraged the 
use of electronic reporting with newly developed forms for easier use.  Electronic reporting has 
automated “receipts”, and formatting restrictions will minimize to mis-entry.  The forms can be 
accessed, and filled out online, and be transmitted automatically (USCG, 2004).   
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Table 1. Number of ballast water reports to WDFW and NBIC for vessels from outside the EEZ from 
01/01/03 to 12/31/03.  (Data source: WDFW ballast water database and NBIC 2003 data.)  
 WDFW NBIC 
Bulk 268 211 
RoRo/PCC 152 106 
Container 45 18 
Log Bulk 28 0 
Tanker 25 18 
Wood Chip 25 0 
Unknown 12 8 
General Cargo 20 14 
Cable Ship 3 0 
Passenger 1 1 
Other 15 18 
Classified 10 0 
All Types 604 394 
 
Unexchanged ballast water is considered the highest risk ballast water and under Oregon 
law its discharge is prohibited with a few exceptions. Based on the 40 percent of the ships that 
reported to WDFW, 3,190,366 cubic meters was discharged into Oregon waters, 9% of that was 
unexchanged ballast water between November 2003 and March 2004.  The greatest number of 
vessels discharging unexchanged ballast water were vessels from Asian ports -56 percent, (e.g., 
China, South Korea, Japan), 19 percent was from the San Francisco Bay area, and 19 percent 
was from regional or coastal waters (excluding California) (Figure 8).  Oregon law does not 
prohibit discharges of unexchanged ballast water from vessels traveling within defined common 
waters (between the parallel 40 degrees north latitude and the parallel 50 degrees north latitude, 
ORS 783.630), if that ballast water is not mixed with any other water. Therefore, some of the 
unexchanged ballast water from regional and coastal ships may have been discharged legally.  
Bulk vessels, the most common vessel-type calling on Columbia River ports account for most of 
the unexchanged (56 percent) and partially exchanged (67 percent) ballast water. 
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Figure 8. Breakdown of origin of discharged unexchanged ballast water in Oregon waters 11/03 to 03/31/04. 
(Data source: WDFW ballast water database.) 
The flow-through method is the most common ballast water management strategy 
employed by vessels entering Oregon waters (Figure 9).  In flow-through exchange, the amount 
of ballast water exchanged varies with the amount of ballast water that is pumped through each 
tank.  USCG, California, Washington, the International Maritime Organization (IMO), and 
Canada all define “exchange” and the standard for each process, and can therefore evaluate the 
completeness of the ballast water exchange reported. Oregon law does not define exchange, and 
the efficacy of the exchange reported cannot be evaluated.   
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Figure 9. Volume of ballast water discharged into Oregon waters following flow-through, empty-refill, and no 
exchange, 11/01/03 to 03/31/04. (Data source: WDFW ballast water database.)  
The risk of introduction of ANS via ballast water discharge is directly related to the 
source of that ballast water. California ports, especially those in the highly invaded San 
Francisco Bay – Delta area, are a high-risk source for Oregon ports. Of those ships arriving to 
Oregon with a California port as a last port of call, about 60 percent come from a port in the Bay 
– Delta area (Figure 10). Ports upriver from the Carquinez Straight are freshwater, or seasonally 
freshwater, and could contain ANS that could easily become established in the Columbia River.  
Organisms from ports with high salinity may become established in mesohaline and polyhaline 
portions of the Columbia River estuary or in other Oregon estuaries receiving ballast water from 
the bay area.  
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Figure 10. California ports reported as last port of call for ships calling on Columbia River ports (Other = 
Avon, Alameda, Ensenada and Eureka. Data source: WDFW ballast water database). 
Data Quality 
Accurate data is critical for enforcement and monitoring of compliance with ballast water 
management regulations.  Data based upon ballast water reports alone should be used with 
caution.  According to a study done between June and August of 2002 to assess the accuracy of 
ballast water reporting in Washington, ballast water reports often contain errors.  Of 81 vessels 
inspected, 27 had conflicting data, 24 had improperly exchanged ballast water, and 20 vessel 
operators knowingly discharged improperly exchanged ballast water (Harkless, 2003).  Several 
reasons for conflicting data were cited. The most common reason cited by operators for the 
inaccuracies in the reports was the lack of ability of regulators to identify the violation.  Other 
reasons for inaccurate reporting included lack of knowledge of the ballast water regulations, the 
cost of ballast water exchange, and additional work it required. Adequate staff for follow-up on 
problem or missing reports would improve the data, help fine tune the cost-effectiveness of the 
regulations, and potentially improve compliance.  
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Other Ship Mediated Vectors of ANS: Hull Fouling, Sea Chests and Anchor Chains 
Many marine and some important freshwater (e.g., zebra mussel) invasions in North 
America have occurred in the fouling community – the organisms that grow attached to surfaces.  
These organisms may have arrived on the hulls of ships, in sea chests (a boxlike inlet for raw 
water cooling of the ship’s engine), or on anchor chains.  The cumulative surface area of ships’ 
hulls arriving annually to U.S. ports from a different biogeographic region exceeds 400 million 
m2, or approximately 1.5 times the area of Vermont (Ruiz et al. 2003). Several recent analyses 
have also underscored the importance of ANS transfers on the hulls of commercial ships.  For 
example, non-native species were discovered on 96 percent of all commercial ships’ hulls 
examined in Germany (Gollasch, 2002).  Hewitt et al. (2004) suggested hull fouling was the 
likely vector for most ship-mediated invasions in Port Philip Bay, Australia.  Unfortunately, hull 
fouling as a vector may increase with regulated changes in anti-fouling bottom paints (Nehring, 
2001; Minchin & Gollasch, 2003). 
Despite the clear potential for transport on ships’ hulls, quantitative assessment of the 
importance of hull fouling in the transport of ANS, the extent to which this varies by ship type, 
operating conditions, residence times in port, routes, hull husbandry; and the relative contribution 
of transfers in ships ballast water versus on ships hull (biofouling) is not known. Management of 
hull-fouling ANS is currently limited to periodic hull cleaning in drydock, while management of 
biofouling on propellers is part of regular maintenance during port stops according to 
conversations with the maritime industry (M. Falkner, pers. com., 09/17/04). Hull fouling is an 
active area of research at Portland State University and ongoing efforts are discussed in more 
detail below.   
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Legislation and Management 
There has been considerable attention in the national and international arena on ballast 
water legislature and research since submission of the 2002 Oregon Task Force ballast water 
report to the legislature. The USCG published new rules; the IMO adopted a Convention on 
ballast water and sediment management in February; the California State Lands Commission 
(CSLC) is developing regulations governing ballast water management on vessels engaged in 
coastal travel; Washington Department of Fish and Wildlife began a monitoring and compliance 
program, and the Canadian Marine Advisory Council (CMAC) published draft regulations that 
will take the place of the current guidelines. Table 2 summarizes the status of regulations, which 
are discussed in more detail below. 
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Table 2. Comparison of international, Canadian, federal, and state ballast water regulations. 
 
PROVISIONS Oregon Canada U.S. National California Washington International  
(Canada Shipping Act) Program (AB433) (RCW 77.120) Maritime Org.
Requires mandatory >200NM & Guidelines: >200 NM Y:>200NM & 200 NM & > 200 NM 200 NM & 200 m depth
open ocean exchange >2000m & 2000m depth (9/27/04)  >2000m depth offshore w/ exceptions - not yet 
 depth Prop:>200NM &2000m enforced
Requires a coastal exchange Y-Lat. Desig- Prop: >50NM &200m Investigating Proposed: >50NM >50 NM 200 NM or 50 NM & 
nation mandatory mngmt & > 200m depth offshore  other exemptions  
Contains safety/other exemption Y Y Y Y Y Y
Allows alternative treatment Y-approv Y Y Y - CA/USCG Req. July 1, 2007 N/A-Specific to 
methods, if approved by USCG approved systems Plan by 2006 Port State
Requires BW mangmt plan N Y Y Y N Y
Requires BW record book N Y (Proposed) Y Y N Y
Includes fees to support program N N N Y N N/A
Offers incentives for N N Y (STEP) Y* Y* N/A
alternative treatments
REPORTING
Time frame required 24hrs prior to arrival Prior to entry into 24hrs prior to arrival Upon departure 24 hrs prior to N/A
Canadian waters at port or destination/ arrival
or prior to departure
Required for voyages from Y Y Y Y Y Y
outside EEZ
Required for coastal voyages Y Y Y Y Y N
Electronic submission of form Y Accepted with Y Y Y N/A
other forms
VERIFICATION & ENFORCEMENT
Requires sampled verification of N Salinity testing Salinity testing Salinity testing Salinity testing N/A
management activity & bio sampling
Includes penalty for non-report Y Y Y Y Y N-Specific to Port State
Includes penalties for non- Y Y Y Y Y N-Specific to Port State
compliance with management
ADDITIONAL INFO. Jack Wylie http://laws.justice. www.uscg.mil www.slc.ca.gov www.wdfw.wa.gov
Or. Dept. Enviro gc.ca/en/C-10.15/index.html CA State Lands Scott Smith www.imo.org
Quality Commission WDFW
*Status as of September29, 2004. The following known events may change the above in the future: Maurya Falkner (360) 902-2740
 California has proposed coastal exchange requirements for BWE to occur at least 200M offshore in >2000m depth, 916-574-2568
 some exceptions may apply. CA & WA treatment incentive programs add that if a technology is approved by state soon, it will be exempted from future increased stringent standards.
Canada is investigating mandatory regulations: proposed regulations are listed above. **Unless voyage less than 24 hours, then submit prior to departure.
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Oregon 
The Oregon ballast water management program was initiated in January 2002 following 
passage of SB 895 by the Oregon legislature during the 2001 session. The Oregon Department of 
Environmental Quality (DEQ) has authority for implementing the program.  The program 
requires exchange of ballast water in coastal and transoceanic shipping and reporting of ballast 
water management activities to DEQ. The program was modified by the legislature in the 2003 
session in HB 3620. Major modifications included removal of sediment from the definition of 
ballast water, provision for alternative methods of conducting coastal exchange, and allowance 
for discharge of treated ballast water.  Specifically, the Oregon ballast water management 
program currently includes: 
• A task force on ballast water management to research and make recommendations to 
the legislature. 
• A requirement that vessels submit ballast water management reports on a form 
acceptable to the USCG, to the Department of Environmental Quality at least 24 
hours prior to entering the waters of this state, whether or not the owner or operator 
plans to discharge ballast water into the waters of this state. 
• A requirement that the vessel conduct an open sea or coastal exchange unless; 
o The vessel traverses only the internal waters of the state or only the territorial 
sea of the United States and does not enter or depart an Oregon port, or 
navigate the waters of the state, or; 
o The ballast water on coastal vessels has been replaced in accordance with 
regional or federal guidelines that are equally or more protective than the 
methods provided above (added in SB 895);  
• Prohibition of the discharge of ballast water into the waters of the state unless:  
o The vessel discharges ballast water that has been treated to remove organisms 
in a manner that is approved by the United States Coast Guard. 
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The Oregon ballast water management program does not include regulation of the uptake 
of sediment and its accumulation in ballast water tanks or a requirement for a ballast water 
management plan and record book, as is required in California and under federal law. 
Oregon defines “open sea exchange” as replacement of ballast water taken on in port with 
mid-ocean water from an area no less than 200 nautical miles (NM) from any shore and where 
the water depth exceeds 2,000 m. “Coastal exchange” applies to vessels that do not travel more 
than 200 NM from shore. For vessels traveling south to Oregon an exchange north of 50˚N 
latitude is required. For vessels traveling north to Oregon an exchange south of 40˚N latitude is 
required (Figure 11). 
These regulations apply to “cargo vessels” which are considered self-propelled ships in 
commerce, other than a tank vessel or a vessel used solely for commercial fishing harvest of 300 
gross tone or more (ORS 783.625).  Integrated tug-and-barge (ITB) and articulated tug-and-
barge (ATB) may be considered “self-propelled” vessels. The U.S. Coast Guard requires ballast 
water reports from these vessels. There are discrepancies in the numbers of barges submitting 
reports and the number calling on Oregon ports, and it is not clear whether these vessels are 
reporting to Oregon. Outreach and consultation with the barge operators is required to clarify 
reporting requirements. 
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Figure 11. Schematic of the Oregon coastal ballast water exchange requirement (Source: Vinograd and 
Sytsma, 2002) 
As noted above, DEQ has not allocated funds for implementation of the ballast water 
management program and no funds were directed to the program by the legislature. 
Consequently, information on ballast water management in Oregon is limited. During the first 
year of the program the Center for Lakes and Reservoirs at Portland State University (PSU) 
secured support from PSU, the Columbia Steamship Operators Association (CRSOA), and the 
Pacific States Marine Fisheries Commission for tracking ballast water management reports and 
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maintaining a database. Since 2003, ballast water management reports have been logged into a 
database maintained by the WDFW. 
DEQ is authorized to take enforcement action for violations.  DEQ may levy a civil 
penalty for violations, (not to exceed $5,000 per discharge violation, and $500 for a violation of 
the reporting requirements); however, no fines have been imposed. Since the program was 
implemented in January 2002, DEQ has issued two Notices of Noncompliance.  In both 
instances, the vessel operators replied that they had notified all their vessel masters of the 
requirements of Oregon law. 
Oregon law permits discharge of ballast water treated with a method approved by the 
USCG. To date, no treatment technologies have been approved, however, there are two 
applications in review in the USCG Shipboard Technology Evaluation Program (STEP) 
discussed in more detail in the Research section of the report (K. Moore, pers. com., 08/26/04).  
California and Washington also have processes for approval of experimental treatment 
technologies for testing and evaluation purposes. The California program is coordinated with the 
USCG STEP.  The Washington program has approved installation and testing of treatment 
technologies on two cruise ships (described below).  
Oregon law prohibits discharge of ballast water treated with Washington-approved 
methods if the method is not approved by the U.S. Coast Guard. Therefore, a ship with 
Washington-approved technology onboard that discharged into the Columbia River would be in 
violation of Oregon law but in compliance with Washington law. Washington law requires 
consideration of Oregon law in development of regulations on the Columbia River. Oregon law 
has no reciprocal requirement, but WDFW is a member of the Oregon Ballast Water Task Force 
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and provides input to the Oregon program. The Task Force and past legislatures have 
emphasized the need for a consistent, federal ballast water program that is protective of Oregon 
waters and expressed a clear preference for a single, U.S. Coast Guard-led, treatment approval 
process. 
Oregon and Washington have differing regulations for management of ballast water in 
coastal shipping. Oregon law establishes boundaries based on latitude, as described above, 
whereas Washington law requires exchange greater than 50 NM from shore. Oregon law was 
amended during the last legislative session to allow discharge of coastal ballast water exchanged 
following regionally of federally approved protocols. Protocols were developed at a conference 
in California in April 2004 (see below) that are based upon recently approved IMO regulations. 
The protocol uses 50 NM and 200 m depth criteria for exchange of coastal ballast water.  Oregon 
law should be amended to comply with the 50 NM/200m criteria. If applied by all west coast 
states, this protocol would be more protective of Oregon waters than current regulations based 
upon latitude. 
Washington 
The Washington Department of Fish and Wildlife (WDFW) manages the Washington 
ballast water program. The program is covered under Washington law (Title 77 Fish and 
Wildlife, Chapter 77.120 RCW Ballast Water Management under SSB 6329).  The regulations 
require that vessels subject to this law (vessels of 300 gross tons or greater, excluding military 
vessels), which intend to discharge in the waters of the state, must report ballast water 
management information at least twenty-four hours prior to their arrival (Ch. 77.120 RCW; Ch. 
220.77 WAC). Both USCG forms and IMO forms are acceptable, although USCG forms are 
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preferred.  Reports are sent to the Merchants Exchange appropriate to the vessel’s destination. 
Washington law also stipulates that WDFW consider the special case of the shared waters of the 
Columbia River system, and must consider the rules adopted by the state of Oregon when 
adopting rules under this section for this water system. 
For all vessels entering Washington waters from outside the exclusive economic zone 
(EEZ) or traveling coastally, a vessel can discharge ballast water in the waters of the state 
provided that: 
• the vessel has conducted an open sea exchange, except in cases where it is not safe to 
conduct one, or; 
• beginning on July 1, 2007, discharge is authorized only if there has been an open sea 
exchange or if the vessel has treated its ballast water to meet standards set by the 
WDFW, at which point the safety exemption will no longer be allowed. 
• Vessel operators are required to submit a report to WDFW by July 2006 describing 
how they will meet the July 2007 requirement to treat their ballast water when an 
exchange is not possible.  
Other exchange exemptions are as follows: 
• When a ship’s ballast water is common to the state and has not been mixed with 
waters or sediments from outside the Columbia River (north to the Strait of Juan de 
Fuca, inland waters of Puget Sound, the Strait of Juan de Fuca, and the Strait of 
Georgia south of 50° N latitude). 
• When a Washington state approved ballast water treatment system is used that meets 
Washington State ballast water discharge standards.   
(Adapted from Ch. 77.120 RCW and Ch. 220.77 WAC.) 
“Open sea exchange” is defined for vessels from outside the EEZ as exchange at least 
200 NM offshore; for vessels traveling coastally, exchange must be conducted at least 50 NM or 
more offshore (RCW 77.120.030).  Washington law also includes the provision that if the USCG 
requires a vessel to conduct an exchange further offshore, then the USCG distance governs.  
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Under Washington regulations, “exchange” is defined as replacing water in a ballast tank 
either using flow-through, an empty/refill process, or other exchange methodology as 
recommended or required by the USCG.  “Flow-through exchange” is defined as flushing out 
ballast water by pumping mid-ocean waters from the bottom of the tank, and continuously 
overflowing the tank from the top until three full volumes of water have been changed to 
minimize the number of original organisms remaining in the tank (RCW 77.120.005).  
“Empty/refill exchange” means to pump out the tank until it is empty or as close to the master or 
operator determines is safe such that the ballast water taken on in the ports, estuarine waters or 
territorial waters, and then refilling the tank with open-sea water (RCW 77.120.005). 
Washington Department of Fish and Wildlife have established interim ballast water 
discharge standards to provide a treatment target for technology developers (WAC 220-77-095).  
The standard is inactivation or removal of 95 percent of zooplankton and 99 percent of 
phytoplankton and bacteria in ballast water.  As noted above, Washington has an interim 
approval process to evaluate treatment technologies and provide approval for technologies that 
meet the standards.  Only those technologies, vendors, and vessels that have approval will be 
allowed to discharge treated ballast water into Washington waters.  The regulations also require 
that, where appropriate, these standards are to be compatible with standards set by the USCG and 
shall be developed in consultation with federal and state agencies to ensure consistency with the 
Federal Clean Water Act, 33 U.S.C. Sec. 1251-1387 (WAC 220-77-095). See research section 
below for more information.  
Funding for the ballast water program in Washington has decreased (S. Smith, pers. com., 
8/24/04), but WDFW has maintained the program with reduced staff and grant funding.  They 
currently maintain a database for ballast water reports for Washington and Oregon and are 
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monitoring compliance.  Results from the Washington program indicate that compliance with 
reporting requirements is correlated with staffing levels. Reporting compliance decreases when 
staffing levels are reduced (Figure 12). 
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Figure 12. Reporting compliance for Washington and Oregon Ports from May 2002 to March 2004 (data 
from WDFW ballast water reporting database) 
WDFW recently hired a vessel inspector to review ballast water management practices 
and to collect ballast samples for analysis by the University of Washington and the U.S. 
Geological Survey.  The analysis will evaluate the presence of coastal and oceanic organisms as 
a method of verifying ballast water exchange (S. Smith, pers. com., 06/29/04).  The inspector 
will also examine ballast water logs and complete a boarding report that produces a compliance 
score.  Letters indicating level of compliance based on the compliance score will be sent to 
vessel owners and operators and kept on file at WDFW.  The approach is intended to educate and 
inform vessel owners and operators of Washington regulations, reward low-risk vessel operators 
and owners, and provide high-risk owners and operators with an incentive to increase their 
compliance and hence decrease the potential for harmful biological invasions.  In addition to the 
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vessel inspector, one FTE is dedicated to managing the ballast water reporting database and 
compliance.  
Compliance with reporting requirements has been a problem in Washington. Only ships 
which discharge in Washington waters are required to submit a ballast water management report.  
Washington has the authority to fine for non-compliance with reporting requirements, but since 
all ships are not required to report it is difficult to identify ships that are out of compliance with 
limited staff availability. Data from November 2003 – March 2004 indicated that only 34 percent 
of vessels reporting to WDFW were in full compliance with Washington reporting requirements 
during that time (S. Smith, pers. com., 06/29/04).  A recent (August 13, 2004) USCG rule final 
rule that requires all vessels report ballast water management to the NBIC, and includes a 
substantial penalty for failure to report. This new rule should improve compliance with reporting 
regulations. 
California 
The California’s Ballast Water Management and Control Act of 1999 went into effect 
January 1, 2002 under the jurisdiction of the California State Lands Commission (CSLC).  Three 
other California agencies; the Department of Fish and Game (DFG), State Water Resources 
Control Board (SWRCB), and the Board of Equalization (BOE), also had responsibilities under 
the law. 
During 2000-2004, over 25,000 qualifying voyages were subject to the California law.  
Greater than 90 percent compliance has been attributed to good communication between the 
maritime industry, environmental organizations, and other regulating entities; extensive outreach 
by CSLC staff; the development of a Technical Advisory Group (TAG); implementation of a 
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monthly electronic notification system; and the potential for civil penalties (Falkner, 2004).  The 
two CSLC Marine Facilities Division Field Offices have boarded and inspected over 2700 
different vessels and approximately 21 percent (~5400) of the qualifying voyages during the first 
48 months of the Program (Falkner, 2004).  The majority (> 75 percent) of those vessels boarded 
were found in compliance with the law.  In addition to compliance monitoring, the California 
ballast water program supports research on ballast water treatment technology and the impacts of 
invasive species (see Research section below, pg. 60). 
California’s “Marine Invasive Species Act” (AB 433) (Act) reauthorized and enhanced 
the statewide mandatory ballast water management and control program, effective January 1, 
2004. The Act requires that the vessel master, owner, operator, agent, or person in charge of 
every vessel entering a California port or place regardless of origin, complete and submit a 
ballast water report form.  All vessels are required to maintain a ballast water management plan 
specifically tailored to the vessel, maintain a ballast water log, adopt ballast water “Good 
Housekeeping” practices, and pay a fee for each qualifying voyage. A ballast water plan is a 
document specific to each vessel or class of vessel that in general contains: 
• information regarding the ballast tanks on-board, place, size, through hull and on 
deck access points; 
• up-to-date information on any of the machinery involved such as pumps; 
• describes the duties and position of crew members who are involved in ballast water 
management; 
• describe training protocols on ballast water duties; 
• describe best management practices, such as minimizing sediment uptake, and 
• if appropriate, give instruction on and ballast water treatment systems. 
A ballast water record book is a recording of all ballast water management that takes place 
during a voyage such as when ballast water is taken on board, when it is circulated for 
management reasons, treated or discharged and is made available upon request (IMO, 2004a). 
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The fee (currently $500 at the first port call in California) is paid to the BOE, and is deposited 
into the Marine Invasive Species Control Fund, which is used to operate the program.  Failure to 
comply with any portion of California law can result in civil and criminal penalties. 
The California law applies to qualifying vessels, which are vessels over 300 gross 
registered tons capable of carrying ballast water into the waters of the state after operating 
outside the waters of the state. The California law applies to qualifying vessels, which are vessels 
over 300 gross registered tons capable of carrying ballast water into the waters of the state after 
operating outside the waters of the state. Under California law the U.S. Registered Tonnage 
Certificate number (GRT) is to be used for tonnage determination, however for most foreign 
vessels entering California from outside the EEZ, the International Tonnage Certificate (ITC) is 
normally used, unless the vessel does not have an ITC (M. Falkner, pers. com., 09/17/04). 
Qualifying vessels are required to conduct at least one of the following methods of ballast water 
management:   
• mid-ocean exchange of ballast water outside the EEZ, from an area not less than 200 
NM from any shore and in waters more than 2000 m deep;  
• retain all ballast water on board;  
• discharge ballast water at the same location where it originated providing that the 
master, operator, or person in charge of the vessel can demonstrate that the ballast 
water to be discharged was not mixed with any taken on in an area other than mid-
ocean waters; 
• use an alternative, environmentally sound method of ballast water management 
approved by the CSLC or the U.S. Coast Guard before the voyage begins; 
• perform a ballast water exchange within an area agreed to by the CSLC in 
consultation with the U.S. Coast Guard at or before the time of the request, or; 
• discharge the ballast water to a reception facility approved by the CSLC (AB 433). 
Under California ballast water management “exchange” is defined as replacing water in a 
ballast tanks using one of the following methods: 
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1) “Flow-through exchange” refers to flushing out ballast water by pumping three full 
volumes of mid-ocean/near-coastal waters through the tank continuously displacing water 
from the tank, to minimize the number of coastal organisms in the tank (AB 433). 
2) “Empty/refill” exchange means to pump out, until the tank is empty or as close to 100 
percent empty as is safe to do so, the ballast water taken on in ports, estuarine or territorial 
water, and then to refill the tank with mid-ocean waters (AB 433). 
California defines “mid-ocean” as waters that are more than 200 NM from land and at 
least 2,000 m deep. 
The CSLC implements an extensive monitoring program to ensure compliance.  All 
vessels are required to submit to compliance inspections, which include sample collection of 
ballast water and sediment, examination of documents, and any additional appropriate inquiries 
as needed.  The Act specifies that field inspection of ballast water and sediments be conducted 
from at least 25 percent of the arriving vessels, with enforcement administered through the 
imposition of administrative civil and criminal penalties.   
The Act requires the CSLC to develop and adopt regulations governing ballast water 
management practices for vessels operating within the “Pacific Coast Region” by January 1, 
2005 with the goal of no port-to-port transfers of ballast water (M. Falkner, pers. com., 
06/29/04). Vessels must comply with the regulations by July 1, 2005.  The “Pacific Coast 
Region” is defined as, all coastal waters on the Pacific Coast of North America east of 154°W 
Longitude and north of 25°N Latitude, exclusive of the Gulf of California (PRC Section 
71200(j)). “Coastal waters” are defined as estuarine and ocean waters within 200 NM of land 
(PRC, Section 71200(d)).   
The CSLC invited regulators, scientists, environmentalists, and industry representatives 
to a meeting in May, 2004 to help develop the coastal ballast water regulatory program that 
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would meet the requirements of California law and that would be applicable more broadly to the 
West Coast region.  Participants supported a regionally consistent set of regulations.  The 
International Maritime Organization’s Convention for the Control and Management of Ship’s 
Ballast Water and Sediments, (Convention) (adopted on February 13, 2004), provided a basis for 
establishing such regulations.  The Convention outlined ballast water exchange guidelines for 
ships to conduct ballast water exchange at least 200 NM from the nearest land and in water at 
least 2000 m in depth. In cases where this is not possible the convention requires ships to 
conduct exchange as far from the nearest land as possible, and in all cases at least 50 NM from 
land and in water at least 200 m in depth.   
This 50 NM/200m depth became the focus of the meeting. A Canadian representative at 
the meeting indicated that Canada would adopt the IMO resolution alternative exchange 
requirement (50 NM) for vessels that cannot comply with the 200 NM requirements.  
Washington regulations already include a 50 NM designation for ballast water exchange. The 
50NM/200m guideline also coincides with recommendations by a panel of physical 
oceanographers convened by Portland State University and the Pacific States Marine Fisheries 
Commission (PSMFC) to evaluate the coastal currents on the west coast as they may influence 
efficacy of ballast water exchange.  “Retention zones”, areas off the Washington, Oregon, and 
California coast where water tends to remain near-shore were identified as areas to avoid ballast 
water discharge (Barth et al., 2002).  The report also identified areas offshore from the 
continental shelf break as low risk areas.  The continental shelf off of Oregon is narrow, roughly 
corresponding with the 50 NM offshore designation, with a depth of about 200 m. 
Tankers typically use shipping lanes greater than 50 NM offshore to limit impacts of oil 
spills. The 50 NM limit for ballast water exchange in coastal shipping may create a hazard for 
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shipping if ships were forced offshore into shipping lanes typically used by tankers. Tanker 
operators that participated in the California meeting, however, suggested that safety was not a 
major concern and that they would simply move further offshore to avoid congestion. 
Due to public review requirements, the CSLC must submit the rulemaking package to the 
California Office of Administrative Law (OAL).  This is scheduled to happen in the next couple 
of months (M. Falkner, pers. com., 08/31/04).  If approved, these coastal regulations will become 
effective July 1, 2005. 
The CSLC is mandated to develop and implement regulations governing the evaluation 
and approval of shipboard experimental treatment systems by July 1, 2005, in consultation with 
the USCG.  Additionally, the CSLC, in consultation with the SWRCB, and an advisory panel, 
shall submit to the legislature and the public, a report that recommends performance standards 
for the discharge of ballast water.  Finally, the CSLC, in consultation with the SWRCB, USCG 
and TAG, shall prepare a report for the Legislature and the public on other non-ballast water, 
ship-mediated vectors of ANS introductions. The Act itself has a sunset clause and will be 
repealed on January 1, 2010 unless there is subsequent action by the Legislature to extend that 
date.  The new law also requires expanded biological surveys of California waters by the 
California Department of Fish and Game (DFG), to assess the effectiveness of the program. 
Wherever possible, the CSLC works with the scientific community, other West Coast 
state representatives, Federal agencies, and the international maritime community to standardize 
ballast water management programs.  This coordination and standardization has improved 
support and compliance by the maritime industry, and has enhanced understanding and the 
development of solutions to ANS introductions (M. Falkner, pers. com., 08/25/04). 
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Alaska 
Alaska does not have specific ballast water regulations aimed at preventing introduction 
of ANS. Alaska does have laws that address the control of invasive species, which prohibits 
people or organizations from transporting, possessing, selling, purchasing, exporting from the 
state or releasing the following: fish (or any part of fish), game (or any part), marine aquatic 
plants, and eggs or nests of fish and game (Alaska Statute 46: Water, Air, Energy and 
Environmental Conservation, Chapter 3: Environmental Conservation). Ballast water regulations 
are targeted at contaminated, un-segregated ballast water (ballast water carried in empty oil tanks 
of tankers) (Section 750: Ballast Water Discharge) and are primarily for preventing discharge of 
oil, rather than preventing discharge of ANS with ballast water.  
Other potential Alaskan statutes that could address ballast water include: pollution 
standards for water quality and regulations governing water temperature; criteria for freshwater 
aquaculture that specify that temperatures not exceed requirements needed to preserve normal 
species diversity or to prevent appearance of nuisance organisms”; and mixing zone regulations 
that allow the Department of Fish and Game to reduce in size or deny a mixing zone if the 
department finds that available evidence reasonably demonstrates that pollutants discharged 
could result in undesirable or nuisance aquatic life (R. Piorkowski, pers. com., 02/08/04).  
Canada 
Since the early 1990's, Canada has had voluntary ballast water guidelines for the St. 
Lawrence Seaway and the Great Lakes.  Initial voluntary guidelines were superseded by the 
current version of TP13617, the Canadian Shipping Act (CSA) of 2001.  TP13617 was expanded 
in anticipation of the IMO resolution A868 (20), and addressed all Canadian waters and ships 
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carrying ballast water. As of today, TP13617 is still voluntary, but representatives from Canada 
at the June 29, 2004 Pacific Ballast Water Group meeting announced the intention to incorporate 
TP13617 into Canadian Law by making reference to it in a new ballast water regulation 
following the IMO convention.  
Recognizing the differences within Canada’s aquatic ecosystems, national ballast groups 
were formed consisting of Atlantic, Quebec, Ontario, Pacific and Arctic areas with the intention 
of implementing guidelines that take into account differences in trade, ship type, geography, and 
specific nonindigenous species introductions.  As a result, vessel masters, owners, and/or 
operators are governed by the specific regional ballast water management procedures as outlined 
in Annexes II, III, IV, and V, which correspond to the various regions (P. Lim, pers. com., 
06/29/04). The Pacific Ballast Water Working Group was established under the authority of the 
Pacific Regional Canadian Marine Advisory Council (CMAC) to look at Canadian western 
interests, which include waters of the US West Coast.  U.S. participation in this Work Group has 
been extensive and vitally important (C. Hansen, pers. com., 08/23/04).   
The CMAC recently released for public consultation a Discussion document of a draft of 
Proposed Regulations and Standard under the CSA of 2001 to replace the existing voluntary 
ballast water management guidelines for all waters under Canadian jurisdiction.  The finalized 
draft regulation is likely to incorporate all of the elements of IMO Resolution A868(20), much of 
TP13617 and the specific details of the Regional Working Groups (P. Lim, pers.com., 06/29/04). 
Ballast water regulations under the 2001 Guidelines apply to all vessels entering 
Canadian waters from outside the EEZ (CSA, 2001); however, under the Proposed Regulations 
and Standard, they apply to all vessels equipped with ballast tanks or systems entering Canadian 
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waters from outside the EEZ (CMAC, 2004).  Each ship is required to have on board, and 
implement, a ballast water management plan, that is based on and compliant with, the Model 
Ballast Water Management Plan developed by the International Chamber of Shipping (CMAC, 
2004).  A fully completed ballast water report must also be submitted to the appropriate Marine 
Communication and Traffic Services Centre (MCTSC) or Transport Canada Marine Safety from 
vessel Masters destined for a Canadian port (CSA, 2001). 
Vessels are subject to appropriate regional ballast water regulations found in the 
regulation Annex (see below).   In general, ballast water taken on board vessels outside Canada’s 
EEZ or outside the Great Lakes Basin should not be discharged in Canadian waters unless one of 
the following operations has been performed: 
• If conditions do not allow exchange, an alternative zone may be used based on 
notification and authorization, and that results in a ballast water salinity rating of no 
less than 26 parts per thousand (ppt). 
• If ballast water exchange has occurred not less than 200 NM from any shore, where 
water is not less than 2000 m in depth, it should be performed in such a manner that 
the salinity is at least 30 ppt unless conditions do not allow. 
• For vessels on coastal voyages where their route does not take them into areas where 
water depths are greater than 2000 m and is more than 200 NM from shore, the use of 
an alternative zone mentioned above can be applied.   
(Adapted from the CMAC 2004.) 
Canada states that ships performing ballast water exchange shall do so with an efficiency 
of 95 percent volumetric exchange.  For vessels using the pumping-through (flow-through) 
method, this is achieved by pumping through three times the volume of each ballast water tank 
(CMAC, 2004).   
Ballast water can be kept onboard, be discharged at an approved shore facility, or it can 
be treated with an environmentally sound alternative technology that has been approved by 
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Transport Canada Marine Safety.  Any alternative must be at least as effective in removing or 
killing harmful aquatic organisms as the methods listed above (CSA, 2001; CMAC, 2004).  
Ballast water management encompasses ballast tank sediment disposal guidelines (CSA, 2001; 
CMAC, 2004). The present guidelines should convert to these regulations by autumn of 2004, 
after a 90-day wait period (P. Lim, pers. com., 06/29/04). 
Regional Annex: Annex IV Ballast Water Procedures for Vessels Proceeding to the West Coast 
of Canada 
Vessel masters, owners and operators are governed by specific regional ballast water 
management procedures outlined in an Annex.  Annex IV covers the ports of Vancouver, 
Nanaimo and Fraser River; vessels entering these ports are to send ballast water reports to the 
MCTS via the Regional Marine Information Centre.   
Vessels entering these waters could be subject to ballast water inspections. Ballast water 
discharge will not be permitted if the vessel is unable to supply information requested and then 
only after ballast water samples are collected and analyzed (CSA, 2001; CMAC, 2004).  If the 
ballast water does not meet test standards, the vessel will be required to leave the port and 
perform exchange in the outgoing current of the north side of Juan de Fuca Strait, west of 
Longitude 123º 55’W in at least 100 m of water, at the vessel’s expense (CSA, 2001; CMAC, 
2004). 
Vessels arriving from ports in British Columbia, Alaska, or the west coast of the U.S. 
(north of Cape Blanco) wanting to discharge ballast water are exempted if the water originated 
from these waters (CSA, 2001; CMAC, 2004).  Log entries will be checked to verify where the 
ballast water originated, but these provisions do not apply to vessels discharging less than 1000 
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metric tones but a port representative must be in attendance prior to discharge (CSA, 2001; 
CMAC, 2004). 
The Proposed Regulations for the Annex state that in situations where weather and sea 
conditions do not allow exchange, ballast water may be exchanged where water depth is in 
excess of 200 meters and the contour line is outside of the baselines of the territorial sea of 
Canada.  The current guidelines do not include any provisions regarding alternative ballast water 
treatment methods.  However, the Proposed Regulations state that any vessel using an alternative 
treatment system shall notify the Canadian Coast Guard 96 hours prior to arrival (CMAC, 2004). 
Although the Canadian government regulates ships and shipping in Canada, ports can and 
do implement their own by-laws that go beyond the Federal regulations.  The Vancouver Port 
was one of the first Ports to do this, and addressed their concerns and needs with a by-law that 
was in force on January 1, 1998.  This regulation states that vessels intending to arrive at the Port 
Vancouver ballasted, are required to carry out mid-ocean ballast water exchange prior to entering 
Canadian waters (Jordan, 2000). The Proposed Regulations and Regional standards should 
represent an evolution of that by-law (C. Hansen, pers. com. 09/07/04). 
Federal 
Federal legislation regarding invasive species and ballast water management is currently 
very dynamic.  New rules have been published since the 2002 Oregon ballast water report, and 
several bills have recently been introduced, as NISA of 1996 expired in 2002.  Below are an 
overview of Federal regulations and a brief introduction to some of the new bills being 
introduced. 
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Current Regulations
The Nonindigenous Aquatic Nuisance Prevention and Control Act (NANPCA) was 
passed in November of 1990, in an attempt to address the concern of aquatic nuisance species, 
primarily the Zebra mussel in the Great Lakes (Northeast Midwest Institute [NEMW], 2001).  
The purposes of NANPCA are to prevent unintentional introduction and spread of nonindigenous 
species into US waters via ballast water, as well as to coordinate research and prevention control, 
understand and minimize economic and ecological impacts of aquatic nuisance species (H.R. 
5390). NANPCA also gave the USCG regulatory jurisdiction over ballast water management, 
and directed the USCG to issue voluntary ballast water guidelines for the Great Lakes, which 
were mandatory in 1993 (58 FR 67632).  A similar rule was added in 1994 for parts of the 
Hudson River (58 FR 67632). 
Six year after its passage, it was reauthorized and the National Invasive Species Act 
(NISA) of 1996 was to address invasive species introductions in all U.S. waters.  Finalized in 
November 2001, NISA directed the USCG to issue ballast water management guidelines 
applicable to all U.S. waters in an effort to encourage all ships entering U.S. waters from outside 
the EEZ to exchange their ballast (66 FR 58381).  NISA also directed the USCG to report on the 
effectiveness of NISA in preventing biological introductions via ballast water discharges after six 
months.  The report (signed on June 3, 2002), found that only about 30 percent of the ships 
complied with the mandatory reporting requirement and concluded that voluntary ballast water 
management was not effective (USCG, 2001).  Therefore, the USCG made the exchange 
guidelines mandatory (see below).  
On June 14, 2004 the USCG published regulations establishing mandatory reporting for 
coastal vessels as well as penalties for ships entering a U.S. port that do not submit the ballast 
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water management forms 24 hours prior to arriving in port; and established penalties for those 
vessels bound for the Great Lakes and Hudson River that violate ballast water management 
requirements; as well as broadened the reporting and record keeping requirements.  These 
penalties are found in subparts C and D of 33 CFR Part 151.  Violators of either the mandatory 
reporting and record keeping regulations or the mandatory management requirements (vessels 
bound for the Great Lakes or portions of the Hudson River) would be liable for a civil fine of up 
to $27,500 per violation (Patnaik, 2004).  Vessels must submit ballast water reports to the NBIC 
at least 24 hours in advance of arrival to a U.S. port or place of destination.  If a vessel’s voyage 
is less than 24 hours, the report must be sent prior to departing the port or place of departure (69 
FR 113). If a vessel travels within one COTP zone and does not mix the ballast water with 
waters outside the same COTP zone, then that vessel is exempted from the reporting 
requirements (69 FR 113). This rule was effective August 13, 2004.  “Port or place of departure” 
means any port or place in which the vessel is anchored or moored, and “port or place of 
destination” means any port or place where the vessel is intending to anchor or moor (69 FR 
113). 
The voluntary ballast water guidelines consisted of: 
• best management practices (BMP);  
• require the discharge of only the minimal amount of ballast water essential for vessel 
operations; 
• rinsing anchors and anchor chains; 
• a ballast water management plan tailored for the vessel, and, 
• a proper training of personnel implementing ballast water and sediment management 
procedures. (Adapted from 33 CFR 151).   
 41
Report on Oregon Ballast Water Management Program 2004 
The voluntary guidelines also contain a provision that if a vessel carries ballast water into 
U.S. waters after operating outside of the EEZ, an exchange should occur from an area no less 
than 200 NM from any shore, and in water more than 2,000 m deep, or; 
• the ballast should be retained on board; 
• use an alternative environmentally sound method of ballast water management that 
has been approved by the USCG before the vessel begins the voyage; 
• discharge the water to an approved reception facility; or, 
• under extraordinary conditions, conduct a ballast water exchange within an area 
agreed to by the Captain of the Port (COTP) at the time of request (33 CFR 151).   
 
The USCG currently recognizes that there are two methods of conducting an exchange: 
1) an “empty/refill exchange, where the tank or pair of tanks is pumped down to the point where 
the pumps lose suction, and then is pumped back to the original level; and 2) a “flow-through” 
method where three volumes of mid-ocean water is pumped into a full tank while the existing 
coastal or fresh water is pumped or pushed out through another opening (69 FR 114). 
On July 28, 2004, the USCG published a rule for a mandatory ballast water management 
program for U.S. waters, (69 FR 144).  The mandatory program requires all vessels equipped 
with ballast water tanks entering U.S. waters after operating outside of the EEZ to employ one of 
the following ballast water management procedures: 
• Perform ballast water exchange in an area no less than 200 NM offshore. 
• Retain ballast on board. 
• Use an alternative environmentally sound ballast water management method that has 
been approved by the USCG (69 FR 144). 
The proposed rule changed the mandatory guideline for mid-ocean exchange – the depth 
requirement (2,000 m) was deleted from the regulations because there was no consensus on the 
depth criterion and it simplified enforcement (69 FR 44952). 
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In the July 28, 2004 document, it is stated that a vessel is not required to deviate or delay 
its voyage to comply with the regulation. Vessels not traveling in waters 200 NM or greater from 
shore from outside the EEZ for a large part of their voyage can retain their ballast on board, or 
discharge only the amount necessary to ensure the safety of the vessel for cargo operations and 
upon request make report available to the COTP; however, there are no coastal ballast water 
management regulations (69 FR 144). This final rule became effective September 27, 2004.  
Oregon’s ballast water regulations were created in response to limitations in the national 
program that failed to be protective of Oregon waters. The new and improved mandatory Federal 
program increases the level of protection from ANS introduction; however, the federal program 
still fails to address ballast water management in coastal shipping, which is a major threat to 
Oregon waters. 
In order to comply with NISA, in September 2003, the USCG began to develop objective 
criteria for ballast water treatment, and published a Notice of Intent that stated that in order to 
effectively prevent the introductions of aquatic nonindigenous species; a “Standard” for ballast 
water treatment needs to be based on biological effectiveness. Under NISA, the minimum ballast 
water discharge standard is stated to be “at least as effective as ballast water exchange” (NISA, 
2001). Guiding principals to developing these standards include being scientifically sound, 
biologically meaningful and enforceable (R. Everett, pers. com., 03/01/04).  The USCG offered 
three alternatives of a ballast water discharge standard (68 FR 187):   
• Alternative 1, is the most stringent, and would result in the discharge of no detectable 
viable organisms larger than 0.1 microns, and require the removal or inactivation of 
all membrane-bound organisms, essentially requiring sterilization of the ballast water. 
• Alternative 2 would establish maximum discharge concentrations for various types of 
potential nonindigenous aquatic species, and other microbes.  It would result in 
discharge of no more than a particular number of viable individuals per liter of 
zooplankton greater than a cut-off size in microns, same for phytoplankton, and 
discharge of a set of indicator microbes not to exceed a specific concentration. 
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• Alternative 3 is a no action alternative, meaning that the primary ballast water 
management practice would be mid-ocean exchange when safe and feasible.  
Comments on this were due by December 26, 2003 (Adapted from 68 FR 187).  
Ballast discharge standards are to include considerations of; the full range of possible 
organisms, take into account living organisms versus viable organisms, use indicator microbes as 
a human health standard and be concentration based (USCG, 2003b). 
On August 10, 2004, the U.S. Coast Guard clarified the mandatory reporting for tow 
vessels and barges. Barges equipped with ballast tanks must submit reports for stops involving 
cargo operations, and towing vessels with ballast water tanks must submit reports for stops 
involving fueling operations (Karr, 2004).  This clarification of reporting requirements for barges 
may result in increased reporting to Oregon and will provide a more complete description of 
barge ballasting operations in Oregon.  
Proposed Bills 
Increased recognition of the importance of ballast water in dispersal of ANS has 
stimulated legislation to regulate ballast water management.  The National Aquatic Invasive 
Species Act, (NAISA) of 2003, (S. 525, H.R.1080) was proposed and referred to the Senate 
Environment and Public Works Committee on March 5, 2003.  A subsection of S. 525, specific 
to research, was subsequently removed and submitted as a separate bill, the Aquatic Species 
Research Act (H.R. 1081).  As a result, S.525 was rewritten and introduced in the House as two 
separate bills – HR 1080 and HR 1081. These bills are designed to minimize the introduction and 
transfer of invasive species on a whole ship basis. Some highlights are described below.  
NAISA of 2003 would require vessels to have in place an Aquatic Species Management 
Plan, which would establish interim standards for acceptable operational performance for: ballast 
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water exchange, biological effectiveness of ballast water treatment (BWT), and other vessel 
operations determined to pose a significant risk to the environment through the introduction of 
ANS.  These will be reviewed and be revised as appropriate – but not less than every three years 
and apply beginning no later than October 1, 2011 (H.R.1080).  All ships (transoceanic and 
coastal) would also be required to install approved ballast treatment technologies if the ship 
enters service after January 1, 2006 and meet final standards by 2011 unless the ship sails 
exclusively within a closed system (H.R. 1080).  Approved technologies would be allowed for a 
ten year period, with regular operational checks, and establishing incentives for early 
installations of approved systems, along with an educational effort geared toward mariners and 
marine engineers (H.R. 1080).  This bill also authorizes funds for research and development of 
ecological surveys, ballast discharge surveys and treatment technologies, and requires the 
Department of Defense to develop and implement a towed vessel and structure program to 
minimize the risk of aquatic species (H.R. 1080).  
Senate Bill 2490 (S.2490), titled the Ballast Water Management Act of 2004, was 
recently brought forth and referred to the Committee on Commerce, Science and Transportation 
by Senator Inouye and Senator Stevens on June 2, 2004.  This bill deals exclusively with ballast 
water (therefore does not touch on rapid response provisions or early detection) and adopts the 
IMO framework (A. Cangelosi, pers. com., 07/20/04). It requires vessels to have a ballast water 
management plan, keep a ballast water record book, outlines ballast water exchange 
requirements with several exemptions, and establishes standards for ballast water treatment on a 
schedule. 
The ballast water exchange provisions of the bill requires state that until a vessel 
conducts ballast water treatment in accordance with the bill’s regulations, and the operator must 
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conducts ballast water exchange with an efficiency of at least 95 percent volumetric exchange, 
(with special rules for vessels operating in the Great Lakes and areas of the Hudson River) (S. 
2490).  In general, exchange should occur at least 200 NM from the nearest shore, and in water 
at least 200 m in depth.  If a vessel is unable to do so, then exchange is to be conducted in water 
that is as far as possible from land, at least 50 NM and in water of at least 200 m in depth (S. 
2490).  A vessel is not required to deviate from its intended voyage or unduly delay it voyage to 
comply, but should conduct exchange to the maximum extent possible (S.2490). 
S. 2490 includes ballast water treatment requirements that are somewhat more stringent 
than the new IMO Convention treatment requirement and timeline (below), but delays 
implementation of the final date. This Bill does not include deadlines for rulemaking. Before 
discharging ballast water in waters of the U.S., S. 2490 requires that a vessel treat the water such 
that the discharge will contain; 
• Less than 0.1 living organisms per cubic meter that are 50 or more micrometers in 
minimum dimensions; 
• Less than 0.1 living organisms per milliliter that are less than 50 micrometers in 
minimum dimension and more than 10 micrometers in minimum dimension, as well 
as have concentrations of indicator microbes that are less than; 
o 1 colony-forming unit of Toxicogenic vibrio cholera per 100 milliliters or, 
o less than 1  colony-forming unit of that microbe per gram of wet weight of 
zoological samples;  
o 126 colony-forming units of Escherichia coli per 100 milliliters; and,  
o 33 colony-forming units of intestinal enterococci per 100 milliliters; and, 
o concentrations of such indicator microbes as may be specified by the 
Secretary that are less than the amount specified in the regulations. 
   (Adapted from S. 2490). 
 
This bill includes a preemption of state law that would affect Oregon regulations. It states 
that the provisions in the ballast water exchange and the ballast water treatment requirement 
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section of the bill supersede any provision of State or local law determined by the Secretary to be 
inconsistent or to conflict with the requirements of that subsection (S. 2490).  Oregon’s current 
ballast water regulations would be consistent with the 200 NM exchange requirement noted 
above, but does not allow an exemption for vessels because exchange would delay the voyage or 
cause a vessel to deviate from its track. The Committee on Commerce staff stated that no action 
will take place on this legislation until 2005 (A. Cangelosi, pers. com., 07/20/04). 
H.R. 1081 is a bill to establish research, development and demonstration programs to 
support efforts to prevent, control and eradicate invasive species.  It also includes an education 
component (H.R. 1081).  The bill requires establishing protocols for ecological surveys of 
nonnative aquatic species that will result in a standardized approach for classifying species, and 
surveys to collect baseline information on native, nonnative and cryptogenic species, pathways 
of entry, quantities of organisms being introduced, and practices that lead to introductions.  A 
competitive grants program is also included in this bill for ship pathway surveys, national 
pathway and ecological survey database, invasion analysis, technology development, 
demonstration and verification as well as ship pathway demonstration.  Furthermore, H.R. 1081 
directs the development of a coordinated research program to support the promulgation and 
implementation of standards to prevent the introduction and spread of invasive species (H.R. 
1081).  
The Environment and Public Works Committee (EPW) has circulated a bill that is similar 
to S. 525.  The bill includes screening and rapid response, as well as deadlines and standards 
patterned on the IMO convention (A. Cangelosi, pers. com., 07/20/04).  The EPW committee has 
indicated an intention of moving this bill out of committee and to the Senate this year which is a 
possibility though not likely (A. Cangelosi, pers. com., 07/20/04).  The Transportation and 
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Infrastructure Committee (T & I) may also introduce a ballast water bill similar to S. 2490 with 
similar deadlines and standards as the IMO convention (see below).  Again, the bill is not likely 
to move until 2005 (A. Cangelosi, pers. com., 07/20/04). 
In summary, the current federal ballast water regulations require mandatory ballast water 
reporting at least 24 hours prior to arriving in a U.S. port, with some exceptions if it is a short 
voyage. As of September 27, 2004, regulations require vessels to perform ballast water exchange 
at least 200 NM from shore, use a ballast water treatment method approved by the USCG, or 
retain the ballast on board.  If an exchange cannot be done, because of safety reasons or if it 
requires delay or deviation from the vessel’s course, only the amount of ballast water necessary 
for safety during cargo operations can be discharged.  
Legislative activity on ballast water management in Congress is high. Several bills have 
been introduced, or may soon be introduced, in Congress (Table 3). It is difficult to predict the 
direction of future regulation (R. Everett, pers. com., 08/20/04). A bill that mimics ballast water 
regulations in the IMO Convention- and a research bill (H.R. 1081) are most likely (Cangelosi, 
2004).  A bill with provisions that differ from those in the IMO convention and more 
comprehensive legislation on invasive species is also possible, but unlikely (Cangelosi, 2004). 
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Table 3. Timeline for current and proposed ballast water discharge and treatment standards. 
 Current 
Regulations 
NISA 2003 
 
NAISA 2003 
HB 1080 
 
S. 2490 
 
IMO 
Ballast Water 
Treatment 
Ballast water 
exchange: 95% 
open-ocean 
volumetric 
exchange 
Interim BWE: 
minimum 95% 
open-ocean 
volumetric 
exchange, (after 18 
mo. of prom) can 
apply until 2011 
Interim BWT: 95% 
removal of aquatic 
verts., inverts., 
phyoto  macroalgae. 
BWT:<0.1 orgs per m3, 
that are >50 micometers 
in min. dimension 
<0.1 orgs. Per milliliter 
that are >50micrometers 
in dimension & more 
than 10micrometers  
Preemption of state law 
BWE: 95% vol. exchange, at least 200 
NM  from nearest land, in water at least 
200m in depth, taking into account  
--in cases where the ship is unable to 
conduct BWE as above, this should be as 
far from the land as possible, and in all 
cases at least 50 NM from the nearest 
land and in water at least 200 m in depth.  
Treatment Standards  After Interim 
established, ships 
have 4 years to 
develop final 
standards. 
As well as have [ ] of 
indicator microbes less 
than: 
--1 colony-forming unit 
of Toxicogenic vibrio 
cholera 100ml 
--1  colony-forming unit 
of that microbe/g of wet 
wt 
--126 colony-forming 
units of E. coli / 100 ml; 
--33 colony-forming 
units of intestinal 
enterococci/ 100ml; 
and, 
--[ ] f such indicator 
microbes as specified by 
Sec. that are < than the 
amt specified 
Preemption of state law 
--Ships conducting BWE” discharge >10 
viable organisms/m3, greater than or 
equal to 50 micrometers in min. dimen. 
and > than 10 viable organisms/ml less 
than 50 micrometers in min. dim. and 
greater than or equal to 10 micrometers 
in min. dimension; and discharge of 
indicator microbes will not exceed 
specified [ ].  
--Indicator microbes, are but not be 
limited to: 
--Vibrio cholerae  w/ than 1 colony 
forming unit (cfu)/100 ml or < 1cfu/g 
(wet weight) zooplankton  
--Escherichia coli less than 250 cfu per 
100 ml; 
--Intestinal Enterococci < 100 cfu /100 
ml 
Timeline  Ships entering 
service after Jan 1, 
2006 will have to 
install approved 
treatment 
technologies. 
--Ships entering service 
after 1/1/08 w/BW 
<5,000m3
--Ships entering service 
after 1/1/12 w/ BW of 
>5,000m3
--For ships constructed 
prior to 1/1/09, begin 
implement 1/1/14 
w/BW 1,500-5,000m3 
--Ships constructed after 
1/1/09- w/BW 1,500-
5,000m3 implement on 
1/116,  
--Ships constructed 
btwn 1/1/90-1/1/12 
implement on 1/1/16 
Ships constructed: 
--before 2009 w/BW capacity of 1500-
5000 m3 must conduct BWM that at least 
meets BWE stand. or BW performance 
standards until 2014, after it shall at least 
meet the BW performance standard 
-- in or after 2009 w/BW capacity of 
<5000 m3 must conduct BWM that meets 
BW performance standard 
-- in or after 2009 but before 2012, 
w/BW capacity of 5000 m3 or more shall 
conduct BWM that at least meets the 
standard described in regulation until 
2016 and at least the BW  performance 
standard after 2016 
--in or after 2012, w/BW capacity of 
5000 m3 or more shall conduct BWM 
that at least meets the BW test 
International 
The International Maritime Organization (IMO) is a United Nations specialized agency 
concerned with maritime affairs, consisting of 163 Member States, with 32 Member 
Governments, acting as the governing body.  The objective of the IMO is to facilitate 
cooperation among governments and with legal matters involving shipping. The IMO is also 
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involved in maritime safety and with marine environment issues involving shipping such as 
biological invasions due to ballast water discharge, which in September 1995; the IMO identified 
as a major issue confronting the international maritime community and issued voluntary 
guidelines entitled, International Guidelines for Preventing the Introduction of Unwanted 
Aquatic Organisms and Pathogens from Ships' Ballast Water and Sediment Discharges.   
In February 2004, the IMO convened a conference to finalize and adopt an international 
convention for management of ships’ ballast water and sediments.  There were representatives of 
74 States, one associate member, 18 non-governmental organizations and 2 intergovernmental 
organizations present (International Conference on Ballast Water Management for Ships Agenda 
Item 8, 2004).  The convention, The International Convention for the Control and Management 
of Ships Ballast Water and Sediments (Convention) was adopted by consensus at the conference 
on February 13, 2004 (GloBallast, 2004).  The Convention will enter into force 12 months after 
ratification by 30 states that represent 35 percent of the world’s commercial shipping tonnage 
(GloBallast, 2004).  The U.S. has not yet ratified this Convention (R. Everett, pers. com., 
03/01/04) however; recently introduced legislation in Congress mimics many of the provisions of 
the Convention.  
The Convention (if ratified) will require all ships to implement a ballast water and 
sediment management plan, and to maintain a record of ballast water management. Specific 
regulations for ballast water management are found under Regulation B-3, Ballast Water 
Management for Ships.  The Global Ballast Water Management Programme (GloBallast) website 
contains a summary of the convention and describes the following regulations and timelines: 
• Ships constructed before 2009 with ballast water capacity between 1500 and 5000 
cubic meters must conduct ballast water management that at least meets the ballast 
water exchange standards or ballast water performance standards until 2014, after 
which time it must at least meet the ballast water performance standard.  
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• Ships constructed before 2009 with ballast water capacity of less than 1500 or greater 
than 5000 cubic meters must conduct ballast water management that at least meets the 
ballast water exchange standards or the performance standards until 2016, after which 
time it must at least meet the ballast water performance standard.   
• Ships constructed in or after 2009 with a ballast water capacity of less than 5000 
cubic meters must conduct ballast water management that at least meets the ballast 
water performance standard.   
• Ships constructed in or after 2009, but before 2012, with a ballast water capacity of 
5000 cubic meters or more shall conduct ballast water management that at least meets 
the ballast water performance standard.  
• Ships constructed in or after 2012, with a ballast water capacity of 5000 cubic meters 
or more shall conduct ballast water management that at least meets the ballast water 
performance standard. 
The Convention acknowledges that there could be alternatives to ballast exchange and 
that port states may implement treatment performance standards more rigorous than those in the 
Convention.  Alternative to ballast water exchange must be approved by the IMO’s Marine 
Environmental Protection Committee (MEPC) (GloBallast, Date accessed March 26, 2004). 
Regulation B-4 of the Convention stipulates that exchange should, when possible, be 
performed at least 200 NM from the nearest land and in water at least 200 m deep.  When this is 
not possible, exchange should occur as far from land as possible, and in all cases at least 50 NM 
from the nearest land and in water at least 200 m in depth (GloBallast, 2004).   
Regulation D-1 provides ballast water exchange standards.  Exchange must be done in 
open-ocean as far from shore as possible with a minimum efficiency equivalent to 95 percent 
volumetric exchange (GloBallast, 2004).  This can be accomplished by the flow-through method 
by pumping through three times the volume of each ballast tank.  Less than three volumes can be 
pumped through, provided that the lower volume meets the requirement for at least the 95 
percent volumetric exchange (GloBallast, 2004).  The empty/refill process can be used if all 
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ballast water is discharged until suction is lost and then tanks refilled.  Ballast exchange 
procedures approved by the port State can be used in designated areas as well (GloBallast, 2004).   
Regulation D-2 is a ballast water performance standard regulation.  It states that ships 
conducting ballast water management ships shall: 
• discharge less than 10 viable organisms per cubic meter greater than or equal to 50 
micrometers in minimum dimension and less than 10 viable organisms per milliliter 
less than 50 micrometers in minimum dimension and greater than or equal to 10 
micrometers in minimum dimension.   
• The discharge of indicator microbes (including but not limited to: Toxicogenic: 
Vibrio cholerae, Escherichia coli, intestinal Enterococci) should not exceed the 
specified concentrations (GloBallast, 2004).   
o Toxicogenic: Vibrio cholerae should not exceed concentration of 1 colony 
forming unit (cfu) per 100 mililiters or less than 1cfu per 1 gram of 
zooplankton samples. 
o Escherichia coli should be at concentrations less than 250 cfu per 100 
mililiters, and; 
o Intestinal Enterococci should be at concentrations less than 100 cfu per 100 
mililiters (GloBallast, 2004). 
  
Regulation D-3 addresses ballast water management/treatment systems.  D-3 requires 
approval by the IMO Administration in accordance with IMO guidelines prior to using a 
treatment system (IMO, 2004).  The Convention gives ships participating in a program to test 
and evaluate treatment technologies approved by the IMO Administration, a grace period of five 
years before they must comply with the requirements (GloBallast, 2004).  
The Convention also states that parties are allowed to individually or jointly enact more 
stringent measures to prevent the spread of ANS through discharge of ships' ballast water and 
sediments.   
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The U.S. has not signed on to this Convention and it is unclear when or if that will 
happen. The Convention is being used, however, as a basis for legislation at the state and federal 
levels and in Canada, and may provide a framework for consistency at various regulatory scales. 
Research 
Preventing the transfer of ANS worldwide is the driving force behind invasion science, 
policy and management research (Ruiz & Carlton, 2003).  Research is underway on many 
different pathways of introduction, including: ballast water, (Gollasch et al., 2002), hull fouling 
(Minchen & Gollasch, 2003), aquaculture (Williams, 2003), biocontrol and ornamental (Ruiz et 
al., 2000), and plastic debris (Barnes, 2002). Ballast water is recognized as a primary vector of 
ANS (Carlton & Geller 1993; Fig. 2), and therefore ballast water management has received most 
legislative and scientific attention.  Research related to ballast water and invasions can be 
broadly divided into three areas: 1) biology of ballast water communities and the ecology of 
invasions, 2) ballast water exchange and the development of treatment technology, 3) ballast 
water management (which incorporates actions on the previous two). 
Biology of Ballast Water Communities and the Ecology of Invasions 
Characterizing the biological communities and physio-chemical properties of ballast 
water is fundamental to understanding its potential as a vector.  Ongoing work in Oregon and on 
the west coast has four main components: 
• Surveying ballast water communities carried from source ports to estimate the 
potential release of those target organisms into receiving ports. 
• Evaluating physio-chemical properties including salinity, temperature, conductivity 
and chemical composition of the water. 
• Assessing survivorship of target organisms under various ballast water exchange 
scenarios and subsequent discharge conditions. 
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• Studying the behavior and ecology of ANS to evaluate the probability transport and 
establishment in receiving ports. 
Research on biology of ballast water and ecology of invasions is being carried out at a 
variety of scales, from small-scale laboratory investigations to shipboard experiments. 
Laboratory experiments provide good survival estimates for specific species that are impossible 
to study in detail aboard a ship (i.e. separating causation from correlation), but simulation of the 
real conditions of a ballast tank is difficult to achieve in the laboratory. Therefore, experiments 
are conducted to assess the probability that ANS will be taken onboard with ballast water and 
whether the organisms can survive ballast water transport and release into receiver ports. The 
probability of uptake is examined in the laboratory and field by studying the behavior of larvae 
and their distribution in the water column. Survivorship during transport, discharge and under 
various ballast water exchange conditions is simulated using rapid changes in salinity 
(laboratory) and through repeat sampling of ballast communities on ships.   
Studies of transferring pathogens and microbes, which have implications for human 
health, are becoming an increasingly important topic in invasion research (Bai et al., 2003; Mack 
et al., 2000).  Currently there is little understanding of the risk to human health of viruses and 
bacteria being transported worldwide.  The objective of ballast water - microbe studies is to close 
the gap in knowledge about the type, amount, and condition of microbes in ballast water in ships. 
Microbes are the most abundant organisms in the aquatic system and this is likely to be reflected 
in ballast water communities, yet there has been little research on this topic (Ruiz et al., 2000). 
To remedy this, data is being collected on the detection, taxonomy, and biology of key 
pathogenic organisms (e.g., viruses, bacteria [Vibrio cholerae], and protists). This research 
builds on previous work that suggested ballast water transfer might play an important role in the 
distribution of microorganisms and epidemiology of some waterborne diseases (Ruiz et al., 
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2000).  One group has been looking at the use and feasibility of a physical method, in which 
electrons are accelerated causing the gas molecules to become excited. With this method a strong 
electric field is produced, creating high concentrations of dissolved hydroxyl radicals with the 
salt water that then affects the organisms in the ballast water in several ways (Bai et al., 2003). 
Initial results suggest this could be a low cost ballast water treatment method with a high (99 
percent) bacterial kill efficiency, however, further studies are needed (Bai et al., 2003). 
In addition to vector science, there is also research into establishment and impacts of 
ANS.  These studies involve: 
• Temporal and spatial patterns of ANS populations (e.g. natural expansion, secondary 
invasion). 
• Reproductive, competitive, parasitic, and predator-prey biology of invaders. 
• The impacts of invaders on native populations, biodiversity and ecosystem processes. 
• The ‘invasibility’ of native communities and ecosystems (i.e. measuring resistance 
and resilience of natural systems to invasion events). 
• The effects of anthropogenic and climate change on invaders and invasion potential 
(Stachowicz et al., 2002). 
• The purpose of these research efforts is to determine the physiological and ecological 
parameters that determine invaders’ success in becoming established which may lead 
to effective counter-measures in their control and/or eradication. 
Ballast Water Exchange and Development of Treatment Technology 
Ballast water exchange is the most widely applicable and effective method of ballast 
water management for ANS prevention currently available, however, its efficacy remains 
uncertain (International Association for Great Lakes Research, 2002; USCG, 2003b). Several 
problems with the method have led to research into alternative treatments. Barriers to developing 
and furthering ballast water treatment technology include the lack of:  
• performance standards that have international agreement; 
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• a protocol for testing and evaluation performance (this applies internationally, 
however the USCG does have a program (STEP) in place which is discussed below), 
and; 
• communication between the R&D community, governments, and ship designers, 
builders and owners.  
Technical barriers to developing and furthering ballast water treatment technology also 
exist on board ships, including: 
• pumping capacity for dealing with the huge quantities of ballast water that must be 
treated (e.g. about 60,000 tons of ballast water on a 200,000 DWT bulk carrier); 
• power requirements; 
• crew and ship safety; and  
• equipment design limitations that result in malfunction in the harsh environment 
(vibration, high humidity, and corrosion). 
Treating ballast water during a voyage prior to discharge is being researched to address 
the problem of viable organisms reaching receiver ports. Currently the scope of this research is 
based on three broad methods. 
Mechanical treatment 
The mechanical treatment of ballast water involves the use of any mechanisms, such as 
filters and cavitation, to reduce or prevent ballast water biota entering recipient ports. 
Mechanical treatment is not considered a stand-alone ballast water treatment system, but used in 
concert with another form of treatment such as a chemical treatment.  Filtration systems are used 
at point of entry into the tank, in another phase of the treatment, at the discharge site or in a 
combination of those areas used to stop the flow of biota into or out of the tank.  One such study 
in Florida is looking at the removal of phytoplankton using a self cleaning 50 µm screen and UV 
treatment (Waite et al., 2003).  The screen appeared to remove most of the zooplankton, and a 
small percentage of micro phytoplankton, and while initial results of the UV treatment 
demonstrated reduced numbers of microorganisms to an undetectable level, bacterial re-growth 
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was observed (Waite et al., 2003). More research and development is needed. Much of this type 
of technology is being borrowed from wastewater treatment plants. 
Physical treatment 
Treating the physical properties of ballast water is achieved through manipulating 
properties such as temperature, UV light exposure and oxygen concentration beyond the lethal 
tolerance of planktonic biota (Stedman, 2004; Bai et al., 2003).  There may be added value in 
some of these methods such as deoxygenation, which evidence suggests can perform the dual 
role of reducing ships’ corrosion along with preventing viable organisms from invading ports 
(Tamburri et al., 2002). 
Chemical treatment 
Adding oxidizers, ozone, toxins and other chemicals has proved effective in rendering 
inactive potential ballast water invaders.  Environmental soundness is a major factor in this 
research as it is undesirable to impact the environment to a greater extent than already exists with 
introductions.  
Ballast Water Management 
Ballast water management is critical to reducing the risk of invasion and incorporates 
knowledge gained from the research of ballast water biology and treatment mentioned above.  
This is done through monitoring of compliance through verification of exchange, consistent 
monitoring of shipping and ballast water movements via ballast water reporting forms, and 
implementing enforcement actions.   
Currently, salinity measurements are used to verify that ships have complied with the 
exchange requirement.  This is achieved simply by determining if the ballast water is euryhaline 
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(open-ocean) or mesohaline (coastal/estuarine). The method is quick and inexpensive; however, 
minor differences between high-salinity port water and mid-ocean water limit the efficacy.   
There are other methods being investigated to verify exchange.  Tracers that vary 
between the open-ocean and coastal environments such as chemicals, radium and metals may be 
useful in determining the source of the ballast water.  Biological samples may also be used for 
establishing the source of ballast water by comparing the ballast water assemblage to baseline 
open-ocean and coastal assemblages.  Clear descriptions of species whose occurrence is either 
open-ocean or coastal (but not both) and taxonomic expertise is required for this method.  The 
time to process samples and determining the certainty of the source are limit the application of 
the method. 
Tracking ballast water management operations is critical to understanding where and how 
ANS are transported by ships.  Ballast water management forms contain information about the 
ship, its ballast tanks, and its route.  The reports also contain information about the ballast water; 
its place of origin, the date it was taken onboard, the amount, and the type of management used, 
(empty-refill or flow-through).  Upkeep and examination of submitted forms is being used to 
inform regulators of ballast water activities employed, the shipping routes, can also reveal areas 
of greater of occurrence for discharge and uptake, as well as assists in identifying 
noncompliance. 
Ballast water report forms are a means of collecting information on vessel types and their 
ballast water practices but should not be used as the sole source of information. Data quality on 
the forms is suspect (Harkless, 2003) and there are obvious problems with form submission as 
evidenced by the different numbers of report forms collected by WDFW and NBIC.   
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Verification of exchange reported on the forms using a suite of methods, as mentioned 
above, would provide information to support enforcement actions.  Ballast water regulations 
were established to protect aquatic systems, and enforcement is required for success. Lack of 
effective enforcement was cited as a reason for non-compliance with ballast water regulations by 
ships’ officers (Harkless, 2003). 
Regional Research Initiatives 
California State Lands Commission 
Between August-December 2000, the California State Lands Commission (CSLC) was 
awarded grants for the NOAA-Sea Grant and Port of Oakland to implement the West Coast 
Demonstration Project.  Two vessels participated in this research project and a report 
summarizing that work is due in late summer, 2004.  The treatment technology evaluated on both 
vessels was the OptiMar Ballast System designed/installed by OptiMar AS.  The treatment 
system consisted of combined UV/Hydrocyclone components.  Significant engineering issues 
related to the installation and operation of treatment system was encountered on both vessels.  
However, these issues were ultimately resolved and shipboard efficacy testing was conducted in 
the fall of 2002 and summer of 2003.  Results showed that UV treatment, coupled with 96h 
ballast tank containment, resulting in live counts of zooplankton (> 73µm) that met the ballast 
water performance standards recently adopted by the IMO.  The volumetric mid-ocean exchange 
efficiencies, also exceeded the newly adopted ballast water exchange standard of > 95% 
efficiency. 
Finally the California Department of Fish and Game (CDFG) in consultation with the 
CSLC and the USCG, is assessing the effectiveness of the ballast water controls implemented 
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pursuant to the law.  This assessment will create and maintain an inventory of location and 
geographic range of nonindigenous species populations in California’s coastal and estuarine 
waters.  Data to be collected includes, supplementing existing baseline data with information on 
intertidal and near-shore habitats, and monitoring coastal and estuarine habitats for new 
introductions of nonindigenous species or spreading of existing populations as seen in 
comparisons with the baseline data.  The CDFG is to prepare a report of the analysis by January 
1, 2007, with an update no later than July 1, 2008, and a report to the Legislature on January 1, 
2009.   This information will inform subsequent studies on; determination of alternative 
discharge zones, identification of environmentally sensitive areas to be avoided for uptake or 
discharge of ballast water, the determination of potential risk zones where uptake of ballast water 
will be prohibited among others (AB 433). 
Washington State 
Washington has a process for approval of experimental treatment technologies for testing 
and evaluation purposes. The program has approved the installation and testing of two types of 
ballast water treatment technologies; a filtration and UV-light system from Hyde Marine that 
will be tested on a Princess Cruise Line vessel, and a black and grey water treatment system that 
uses the treated water for ballast on a Norwegian Cruise Line vessel (S. Smith, pers. com., 
08/26/04).  These systems are installed and testing is underway.   
The University of Washington is involved in Puget Sound ship sampling, efficacy of a 
prototype shipboard ozone treatment system, and laboratory mesocosm experiments with 
potential treatment systems (ozone, UV, SeaKleen®, and filtration, and chlorination) (R. Herwig, 
pers. com., 06/29/04). The ozone research includes laboratory and ship-board studies to examine 
the efficacy injector and diffuser systems. Shipboard research is conducted on the oil tanker S/T 
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Tonsina. Problems with maintenance of the ozone generator onboard ship have limited efficacy 
(R. Herwig, pers. com., 06/29/04).  Russ Herwig, at the University of Washington, is 
investigating the UV light and biocidal disinfection of ballast water as treatment at the U. S. 
Geological Survey (USGS) Marrowstone Marine Field Station in Norland, Washington. 
Mesocosm studies were performed with zooplankton and SeaKleen®.  A rapid decline of 
zooplankton was seen, resulting in a 100% kill; no decline of bacteria was reported and 
phytoplankton results had not been completed (R. Herwig, pers. com., 06/29/04).  These results 
unfortunately also showed SeaKleen® having a longer than expected half-life.  More 
investigation is underway.  
Center for Lakes & Reservoirs at Portland State University 
Research at the CLR focuses on the biology, transport, and establishment of ANS, 
developing methods to improve ballast water tracking and management information and 
verification of ballast water exchange. The work at the CLR is done in collaboration with several 
funding agencies including the USCG, Pacific States Marine Fisheries Commission (PSMFC), 
CRSOA, EPA, and U.S. Fish and Wildlife Service (USFWS). Work on ballast water 
management on the Columbia River is coordinated with through the Columbia River Aquatic 
Nuisance Species Initiative (CRANSI), led by the ports of Astoria and Portland. The CRANSI 
was stimulated and given impetus by U.S. Senator Ron Wyden. 
The National Invasive Species Act of 1996 authorized an ecological survey of ANS in the 
Columbia River. CRANSI was instrumental in securing USCG funding for the survey in 2001. 
LCRANS was undertaken to provide comprehensive information about the ANS present in the 
Lower Columbia River.  The results of this two-year investigation will serve as a baseline for 
evaluating the rate of species introductions to the river, permit measurement of the efficacy of 
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ballast water regulations, determine areas that are vulnerable to invasion, and contribute 
important new information to ongoing regional ANS studies. 
The survey found 79 ANS in the Lower Columbia River (Sytsma et al., 2004 
unpublished). The majority of these ANS were associated with shipping-related pathways of 
introduction, particularly after 1950 when the volume of shipping traffic in the Columbia 
increased. Those species introduced through shipping were predominantly from Asia.  An 
interim report has been produced (Draheim et al., 2003) and the final report is in preparation. 
Funding was recently received from the USFWS to extend the lower Columbia River Survey to 
the middle reaches of the Columbia and lower Snake Rivers. 
Ballast exchange verification research at the CLR is conducted in collaboration with the 
Smithsonian Environmental Research Center (SERC) with USCG funding. CLR and SERC are 
evaluating a suite of physical and chemical characteristics for discriminating between port and 
mid-ocean water. The project involves ballast tank and ocean water sampling on transoceanic 
cruises from Asia and Europe to U.S. ports.  The change in concentration with distance from 
shore for the selected characteristics will be examined to evaluate their ability in discriminating 
between ocean and port water. Preliminary results suggest that colored dissolved organic matter 
(CDOM) concentration, in combination with salinity, may provide a screening tool for shipboard 
verification of exchange. Ballast water that fails the salinity and/or CDOM tests would stimulate 
more intense scrutiny of ballast water logs to verify exchange. 
The CLR is also conducting research on the importance of ships’ hulls as a vector of 
fouling assemblages and introduced species, also with USCG funding. The overall objective of 
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the project is to quantitatively assess and compare the magnitude of hull fouling among vessels 
and operating conditions. More specifically, the project will:  
• estimate the extent of biofouling on ships’ hulls entering the Columbia River; 
• estimate the extent of biofouling on several types of smaller vessels (e.g., tugs, 
barges, ferries, fishing boats, pleasure craft); 
• test for statistical differences among vessels in the extent (percent) and composition 
of biofouling, and the extent to which such variation is explained by operating 
characteristics (e.g., vessel speed, hull husbandry, voyage route) and; 
• estimate the amount of hull surface area arriving to key U.S. Pacific coast ports as a 
function of vessel type and operating characteristics, to provide a coarse estimate 
(when combined with biofouling data) on the scale of biofouling assemblages 
arriving. 
Proposals have been submitted to increase the scope of this research to ports in California and 
Alaska. 
The CLR is also characterizing the biology of ballast water on ships entering the 
Columbia River and studying the survival of organisms in ballast tanks from high-risk ports (e.g. 
those in San Francisco Bay area).  San Francisco Bay ports are considered high-risk source ports 
because the area is heavily invaded and the low salinity is similar to that of the Lower Columbia 
River.  Exchanged and unexchanged ballast water in vessels arriving in the Columbia River from 
San Francisco Bay are sampled using plankton light traps and net tows to evaluate the survival 
and estimate risk under each management scenario. Funding for this research is from the USCG, 
the PSMFC, the CRSOA, and the EPA.  
Mitten crabs (Eriocheir sinensis) are well established in the San Francisco Bay-Delta 
system and pose a treat to the Columbia River if introduced. The CLR is conducting research on 
potential range expansion of mitten crabs. This work focuses on evaluating physical and 
chemical characteristics of Pacific Northwest estuaries and factors that influence mitten crab 
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recruitment (salinity, temperature, larval behavior) to assess the probability of mitten crab 
transport and establishment. 
Tracking ballast water management operations is critical to understanding where and how 
ANS are transported by ships. The CLR and SERC have initiated a joint project to coordinate the 
ballast water reporting efforts of the NBIC and the State of Oregon.  The goals of the pilot 
project are to reduce duplicative data entry and processing and to increase the quality of data 
gathered at both state and federal levels. PSU will act as a liaison between the NBIC, which is 
located in Maryland, and local agents, agencies, and the Merchants Exchange to follow up on 
ballast water reports that are missing or erroneous.  
The Oregon legislature and the local shipping industry have indicated support for 
investing federal agencies with regulation of ballast water rather than development of a state 
program, if the federal program is protective of Oregon water resources.  The joint SERC/PSU 
project melds the strengths of both approaches to create a collaborative program that adds value 
to both the state and federal efforts. By collaborating with the federal data management program 
at the NBIC Oregon, and potentially other states, can invest their resources into the important 
practical and complementary activities of seeking missing forms (i.e., ships which did not submit 
as required), filling in information gaps in submitted forms, and ground-truthing and correcting 
errors via follow-up interviews with ships. Ultimately, both state and federal ballast water 
management programs should benefit from increased data quality and collaboration between 
federal and state efforts. 
SERC/PSU research has led to the formation of a joint effort between the two institutions 
to form an Aquatic Bioinvasions Research and Policy Program. The program has received 
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startup funding from PSU and SERC. The goals of the program are to coordinate work on marine 
and freshwater aquatic bioinvasion work on the East and West Coast. 
NOAA Programs 
The Ballast Water Technology Demonstration Program is a joint NOAA, U.S. Fish and 
Wildlife Service (USFWS), and U.S. Maritime Administration (MARAD) program initiative.  
This program will disperse $2 million for ballast water treatment technology testing for FY 2005.  
The MARAD program provides vessels for use as test platforms.  Technology demonstration 
proposals must include a long-term plan that outlines how the technology will be developed from 
its current state into an effective and commercially viable ballast water treatment system, and 
how the proposed project is an essential part of this development. Matching funds are required.  
Recent (2002, no new grants in 2003) ballast water treatment research funded by NOAA 
includes investigation of: 
• methods to minimize ballast water discharge 
• deoxygenation treatment 
• heat treatment 
• improvement in ballast tank design to maximize treatment effectiveness 
• risks posed by biocides 
• acoustic cavitation treatment, and 
• combination of filtration with ozone, and sonic treatments. 
In addition, NOAA funds research, outreach and education on ANS through a separate Sea Grant 
Aquatic Invasive Species Research and Outreach program and recently requests for proposals 
have been announced for 2004. 
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United States Coast Guard Programs  
The United States Coast Guard launched the Shipboard Technology Evaluation Program 
(STEP) on January 7, 2004.  The purpose of STEP is to encourage research and development of 
effective ballast water treatment systems by providing an incentive for foreign and domestic 
vessel owners to collaborate on system testing.  A ship that installs a system for testing and 
evaluation that does not meet the final ballast water treatment standard receives an exemption 
from future requirements to meet ballast water treatment standards for the life of the system or 
ten years, whichever comes first.  (USCG STEP, Date accessed August 30, 2004).  Participation 
in STEP requires well-documented monitoring of the treatment system. Monitoring includes an 
initial five-year experimental phase and a subsequent monitoring phase.  After the first year of 
the experimental phase, the system must be shown to be operating consistently as a requirement 
to remain in the program.  Annual and quarterly reports are also required during both the 
experimental and monitoring phases. Presently the USCG has two STEP applications in review. 
Announcement of when vessels are accepted to the program will be made on the USCG website 
(K. Moore, pers. com., 08/27/04). 
United States Environment Protection Agency Programs 
The U.S. Environmental Protection Agency’s (EPA) is working with the USCG on the 
Environmental Technology Verification (ETV) program to develop a protocol for verification of 
the performance of ballast water treatment technologies.  The projected outcomes or products for 
this initiative include protocols for testing and verifying ballast water exchange and reporting on 
treatment technologies (ETV, Date accessed August 5, 2004).  These protocols include physical, 
chemical and biological tests with result thresholds of 102 – 103 zooplankton per liter, 105 
protists per liter and 106 bacteria per liter.  The status of these protocols is pending. 
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United States Geological Survey Programs 
For the 2002-2003 funding year, the USGS provided funds for a water resource 
protection project examining crumb rubber filtration as a ballast water treatment system.  This is 
being carried out in Baltimore and Philadelphia harbors.   
The USGS, in conjunction with the University of Washington, is investigating the 
potential to develop a molecular diagnostic system for ballast water.  The research is based on 
cataloguing the DNA of aquatic organisms, from Puget Sound (range intends to be expanded) so 
that a system can be devised that invasive species in ballast water could be identified before 
being discharged (R Rodriquez, pers. com., April 8, 2004).  
The USGS and research partners (University of Washington) at the Marrowstone 
Laboratory, in Washington are investigating the efficacy of UV treatment on ballast water 
plankton and microbes. Specifically, they are manipulating UV dosages to assess the resilience 
of specific taxa.  In addition to examining the effects of treatments, researchers are attempting to 
develop new ways of measuring treatment effectiveness using remote sensors, particle counters 
and genetic markers.  Mesocosm investigations are also being conducted here using SeaKleen® 
(see Research section) (R. Herwig, pers. com., 06/29/04). 
Smithsonian Environmental Research Center (SERC) 
The Smithsonian Environmental Research Center (SERC), through its bioinvasions lab, is 
currently investigating ballast water biota at arrival in U.S. ports, and in the past, has investigated 
ballast water microbes and ballast water biodynamics among other topics (SERC website, Date 
accessed July 17, 2004). The objective of the ballast water microbe study was to close the gap in 
knowledge about the type, amount, and condition of microbes in ballast water in ships entering 
the Chesapeake Bay. Their ballast water biodynamics project is investigating the effectiveness of 
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the two regularly employed methods for ballast water exchange: flow-through and empty-refill. 
Preliminary indications are that exchange effectiveness depends on the type of exchange 
performed and that it varies across taxonomic groups (SERC website date accessed August 16, 
2004). SERC is also investigating the seasonal availability (presence/absence) and estimates of 
invasive Chinese mitten crab, European green crab (Carcinus maenus), Harris mud crab 
(Rhithropanopeus harrisii), as well as invasive mysids and cumaceans, in close proximity to 
active ports in San Francisco Bay.  
GloBallast 
GloBallast is a program that assists developing countries in implementation of effective 
measures to control the introduction of ANS.  It is a joint program of the International Maritime 
Organization (IMO), Global Environment Facility (GEF), United Nations Development 
Programme (UNDP), member governments, and the shipping industry.  The program is 
underway at six initial demonstration sites to implement existing IMO guidelines and prepare for 
the new international regulatory regime (GloBallast, Date accessed August 20, 2004).   
The GloBallast program attempts to reduce barriers to development of effective ballast 
water treatment options by maintenance of a research and development directory and by hosting 
a biannual symposium. The GloBallast database lists 63 projects (as of May 2003) in 13 
countries. Twenty-six projects are listed in the U.S. Systems listed as under investigation include 
heat treatment, mechanical and hydrocyclonic separation, biocides, cavitation, hydroacoustics, 
and on-shore treatment (GloBallast, 2003). Many of the listed projects were completed two to 
three years ago, and as yet, no commercial applications have been developed. 
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Aquatic Invasive Species Conference 
The 13th Annual Conference on Aquatic invasive species is being held at the end of the 
September.  This meeting will include some of the more up-to-date and innovative research 
going on.  The agenda for the meeting includes numerous presentations on impacts, 
management, and policy on ANS. Ballast water-related presentations included: to be added when 
abstracts are available. 
Conclusion and Recommendations 
The commercial shipping industry is an important component of the Oregon economy.  A 
sustainable economy requires effective and efficient management of pathways of invasive 
species introduction that are associated with shipping. Oregon water resources are at particular 
risk to invasive species introduction through shipping because of the nature of the industry in the 
state. Oregon ports are primarily engaged in export of bulk cargo on vessels that enter our ports 
empty and in-ballast. Furthermore, Oregon ports are often the second port of call for vessels 
coming to the west coast of the U.S., ports like those in the San Francisco Bay – Delta area that 
are highly invaded. The short transit time and presence of ANS that are known to survive in 
ballast water makes ballast water taken onboard in domestic ports a high risk as well for 
introductions to Oregon waters.  An effective ballast water management program is therefore 
critical to protection of the natural resources of Oregon. 
The Oregon Ballast Water Management Program was created in response to the risk of 
biological invasions through ballast water discharge in the absence of a Federal program. 
Although federal regulations are improving, the management of ballast water discharge has only 
been mandatory since September 27, 2004 (Great Lakes and Hudson River have had mandatory 
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management since 1993 and 1994 respectively) and transport of organisms in coastal shipping 
has yet to be effectively addressed.  
This report addressed a number of considerations outlined by the legislature in HB 3620. 
These considerations are summarized and recommendations are provided below. 
Shipping Industry Compliance 
Evaluation of compliance with Oregon law was made using data from the National 
Ballast Information Clearinghouse (2003 data was available) and WDFW. There was no program 
in place to monitor compliance in Oregon. The WDFW database was more complete than the 
NBIC database. The WDFW database contained 38 percent more ballast water forms from ships 
from outside the EEZ and included data from coastal vessels.  According to the WDFW data, 
reporting compliance was very low for the 2003-2004 year; 60 percent of ships calling on 
Oregon ports either failed to report (29 percent), submitted incomplete reports (30 percent), or 
submitted late reports (one percent).  Compliance was much lower than the reported compliance 
of 98.5 percent in 2002.  As was noted by Vinograd and Sytsma (2002), compliance is highly 
correlated with staffing level. In 2002, a graduate student was able to follow up on missing or 
incomplete forms. Staff time at WDFW prohibited similar follow-up.   
The current Oregon ballast water program is unfunded and essentially unmanaged; 
resulting in ineffective and inefficient monitoring of vessel compliance.  The resulting low 
quality data and low reporting compliance leave Oregon’s waters at risk to invasion. Resources 
dedicated to oversight and enforcement of Oregon ballast water regulations are needed. Staff 
time is required for follow-up on problem or missing reports, monitoring of reports, and 
enforcement of regulations. A recent (August 13, 2004) USCG final rule requires all vessels 
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(from outside the EEZ and coastal) to report ballast water management to the NBIC and provides 
for substantial penalties for non-reporting. The penalties, along with a shift to electronic 
reporting, should help increase reporting compliance. Furthermore, a collaborative project 
between the CLR at PSU and the SERC should streamline data handling and completeness. Still, 
enforcement of state law is lacking. A 0.5 FTE position at DEQ for enforcement, and 
coordination with neighboring states and the PSU/SERC effort, is needed to increase compliance 
and protect Oregon water resources.
Ballast Water Treatment Technologies and Standards for Ballast Water Discharge 
Ballast water exchange remains the most widely applicable method for reducing the risk 
of introducing ANS via ballast water discharge. A variety of treatment technologies have been 
proposed but few are ready for full-scale shipboard testing. Those technologies that have been 
installed on ships have experienced technical problems related to the harsh environment on board 
a ship, failed to kill all taxa and/or life-stages of ballast water organisms, or have residual 
toxicity problems. Research is underway in multiple countries, but has been hampered by the 
lack of funding and lack of an international standard for discharge.  
There are many proposed standards for ballast water discharge.  These include one 
proposed by the USCG in a Programmatic Environmental Impact Statement (PEIS) (USCG, 
2003b) that has not been published; another in the IMO Convention that was approved on 
February 13, 2004, but that not been signed by the U.S; a third in a recent bill NAISA of 2003 
(HB 1080), which was introduced into Congress in March 2004 but not yet passed; a fourth in 
another proposed bill (S. 2490); and an interim standard for the State of Washington (see Table 
3).  The proposed standards vary and all have different timelines of enforcement.  It is difficult to 
predict what will be adopted internationally and nationally. Oregon should monitor and 
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participate in the development of ballast water discharge standards to ensure that the standard 
that is finally adopted is protective of Oregon resources. 
Efficacy of Ballast Water Exchange 
Ballast water exchange reduces risk of introduction; however, the magnitude of risk 
reduction is not well defined because of inefficiencies related to ballast tank design. Use of 
exchange for management of ballast water in coastal shipping, particularly when no distance 
from shore is specified in the requirements, may spread organisms along the coast and facilitate 
spread of ANS. Oregon should optimize application of exchange for management of ANS in 
coastal shipping by amending the coastal exchange definition to require exchange at greater than 
50 NM and 200 m. (as described below). 
Compatibility with Federal Laws and Regional Programs 
Recent modification of USCG rules on ballast water management on ships from outside 
the EEZ included removal of the requirement for exchange in water deeper than 2000 m. To 
maintain compatibility with USCG requirements Oregon law should be amended by deleting the 
2000 m requirement for open sea exchange. 
Oregon and Washington currently have differing regulation for management of ballast 
water in coastal vessels. The legislature amended the definition of coastal exchange during the 
last session to allow discharge of water managed using a regionally or federally approved 
protocol. A regional protocol for management of ballast water in coastal shipping was proposed 
at a meeting in California in April 2004. The protocol would require exchange to occur greater 
than 50 NM from shore and at depths greater than 200 m. If adopted this protocol would be more 
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protective and more easily implemented than the current requirements.  Oregon law should be 
amended to eliminate the current latitude definition and to include the 50NM/200m criteria.  
The USCG, California, Canada, and proposed IMO Convention all require, or have 
proposed the requirement, that vessels keep and maintain a ballast water management record log 
book, and a ballast water management plan specific to each vessel or class of vessels. Oregon 
law should be amended to include the requirement for a ballast water management log and plan.   
Oregon law requires replacement of ballast water through open sea or coastal exchange 
but methods for replacement are not defined.  Definitions of coastal and open-sea exchange in 
Oregon law should be amended to include the USCG definitions of exchange using flow-through 
or empty-refill. Such an amendment would prohibit discharge of partially exchanged ballast 
water. 
Oregon ballast water reporting regulations require that a vessel submit a ballast water 
report at least 24 hours prior to entering waters of the state.  Washington also requires reporting 
24 hours prior to arrival in their waters, while California requires form submittal upon the vessels 
departure from each port. Federal ballast water reporting guidelines take into account the varying 
length of time vessels travel between ports. In order to be consistent with the USCG regulations, 
Oregon law should be amended to include the USCG language that defines “port or place” and 
provides reporting instructions for vessels on voyages less than 24 hours in length.  
Regional consistency in ballast water management is required for efficient shipping and 
effective protection against introductions of aquatic organisms. Oregon should continue 
coordination efforts with other regional regulating bodies regarding ballast water management.   
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Research Requirements for Management of ANS Introductions  
Several ongoing research efforts at the CLR address management of ANS in ballast 
water, however, much additional work is needed to address ANS in ballast water, and invasive 
species in general. Additional research is needed on rates and pathways of introduction (e.g., the 
importance of barges), invasibility of various habitats, economic and ecological impacts of ANS, 
and treatment of ballast water. The joint PSU/SERC Aquatic Bioinvasion Research and Policy 
Program will assist in answering some important questions related to ANS introduction and 
impacts, however, a major investment by the State in ballast water management technology 
through establishment of a center of expertise on engineering, economics, ecology, and biology 
of ANS management in ballast water and shipping is needed. Such an investment could propel 
Oregon to the forefront of a newly emerging, “green” industry that is evolving to address this 
worldwide, multibillion-dollar problem. 
Ballast Water Management and Oregon Invasive Species Management  
Management of ballast water is a priority in the Oregon Aquatic Nuisance Species 
Management Plan (Hanson and Sytsma, 2001).  The Center for Lakes and Reservoirs is 
implementing the Plan in collaboration with state agencies. CLR staff and students working on 
ballast water issues are unpaid interns at DEQ, and CLR staff and DEQ staff communicate 
regularly. To the degree that DEQ staffing levels permit, ballast water management in Oregon is 
well integrated with efforts to manage invasive species in Oregon. Additional resources are 
required to enhance and improve that integration.
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Other Considerations 
Recent decline in the number of container lines calling on Columbia River ports, suggest 
that a there will be change in the types of ships calling on Oregon ports in the future. For 
example, barge shipping may become increasingly important on the Columbia as a link to 
container shipping in Puget Sound.  The U.S. Coast Guard requires articulated tug and barges 
(ATB) and integrated tug and barges (ITB) to report ballast water management operations and 
they may be considered self-propelled vessels under Oregon law. Currently unmanned, towed 
barges are not covered under Oregon ballast water reporting regulations.  Further investigation 
into barge activity, port stops, and routes, as well as outreach and consultation with ocean-going 
and river barge operators is needed to clarify risk, ballast water management operations, and 
reporting requirements.  
Funding for enforcement of the Oregon ballast water program is required. A 0.5 FTE 
position to coordinate the DEQ enforcement effort with ongoing programs in California, 
Washington, and the USCG requires approximately $60,000 annually. Potential funding sources 
include; general funds, grant programs, or fees from ships. General fund resources are limited 
and grant funds are not typically available for ongoing enforcement. The California ballast water 
program is fee-based and has a high (>90 percent) compliance rate. Approximately 1200 vessel 
calls are made annually in Oregon, and a per ship fee of approximately $50 would fund 
enforcement of ballast water management laws in Oregon. Efforts such as the grant-funded 
CLR/SERC database project will help support the ballast water program; however State support 
for enforcement of the law is still needed.   
Policy and science on ballast water management and the role of shipping related 
pathways in dispersal of ANS will continue to evolve at international, federal, and state scales. 
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Policy in Oregon must co-evolve to ensure compatibility with new federal and neighboring state 
legislation and standards. The Ballast Water Task Force should be extended through 2006 and 
charged with updating the 2007 Legislature on policy and science relating to ANS and shipping.
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